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ABSTRACT 


Series of triplets and singlets in the spectrum of strontium.—These series belong to 
the neutral atom of Sr. Their remarkable similarity to the corresponding series of 
Ca, which have previously been critically studied, was of great assistance in working 
out the structure. The present study is based on measurements of spectrograms, 
from ultra-violet to infra-red, taken by Randall, King, and the author, of light from a 
great variety of sources, including sparks, arc in air and in vacuo, tube-resistance 
furnace and red-hot quartz discharge tube containing very pure Sr vapor. Revised 
wave-lengths are given for most of the 180 lines from 0.22 to 3.06 uw, including some 
seventy new lines. The limits of all the series have been more accurately found, and 
the various “‘terms’’ have been calculated. Details are given, with tables, of four 
type series of triplets and four of singlets, four combination series in the triplet system, 
three in the singlet system, and five inter-system combination series. Of the twenty 
series here mentioned, some are very faint and are represented by one term only, and 
about half are believed to be new. Evidence is also presented of the existence of new 
types of singlet series corresponding to formulae (1P) —(mX), (1p) —(mX), (1P)—(mY), 
etc. The terms are all large, so that the series cannot be of the sort suggested by 
Sommerfeld. 

New type of series of singlets in the spectrum of calcium.—Three singlet lines are 
found to correspond accurately to (1P)—(mX), (1p1) —(mX) and (1p,)—(mX) where 
(mX) is 8584.8. This points to the existence of series similar to those last mentioned 
for Sr. 


The spectra of Ba and Ca have recently’ been critically examined 
in the attempt, only partially successful, to arrange all of their 
lines into series. The present article is to give an account of 
similar results for Sr. As before, attention is here directed to the 

' Astrophysical Journal, 51, 23, 1920, and §2, 265, 1920. 
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spectrum of the normal atom only, excluding those series (pairs), 
which are due to the atom (Sr*) in an ionized condition. These will, 
it is hoped, be the subject of a later communication. 

The spectrum, thus restricted, consists of series of triplets and of 
singlets, and these form two systems. Each system contains at 
least four types of series, with combination series formed from 
these; and there are combinations also formed between the two 
systems. The amazing similarity between the spectra of Ca and 
of Sr, extending as it does down to the minutest details, makes it 
easy to deduce the structure of one from that of the other. Ryd- 
berg’ has indeed laid the two down in parallel columns, and the new 
data admit of like treatment. 

The observations upon which the present work is based com- 
prise photographs taken with grating and with prism instruments 
of a great variety of sources. Of the greatest value in this connec 
tion have been some of the admirable oven spectra taken by 
Dr. A.S. King, and kindly sent to me for study. These were spectra 
of a mixture of Sr and Ba, and on this account the weaker Sr lines 
did not appear, but the plates were very useful on account of their 
high dispersion (up to 1.86 A per mm) and their sharpness. 
Many close doubles were thus separated. The use of the oven 
under reduced pressure also made it possible to obtain as sharp fine 
lines certain Sr lines which are usually (e.g., arc in air) very much 
broadened. ‘To supplement these plates, I took others, using as 
source a red-hot quartz tube, well exhausted, and supplied with 
metallic Sr, through whose vapor a discharge from a small 10,000- 
volt transformer was passed. The metal I owe to the kindness of 
Dr. B. L. Glascock,? who prepared it with great care, so that it is 
almost entirely free from impurities, and contains, in particular, 
almost no Ca. ‘The spectrum of this source is in striking contrast 
to the ordinary Sr spectrum, through the absence of the usual 
oxide bands, and the sharpness of all the lines. The oven, more 
over, encourages certain lines, of King’s temperature Classes I and 
II, which I find to belong to the singlet system of series, and on this 
account very many new ones were observed. For work in the 

‘Wied. Ann., §2, 119, 1894. 


2 See Journal of the American Chemical Society, 32, 1222, 1910 
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visible part of the spectrum I am indebted to the Rumford Fund 
Committee for a grant which enabled me to construct a large 
Littrow form of glass spectrograph, which gives excellent spectra, 
on a fairly large scale (10 inches for the visible spectrum) and 
makes it possible to carry the search for faint lines down into the 
beginning of the infra-red. I am also indebted to Dr. Meggers, of 
the Bureau of Standards, for a small quantity of dicyanin for this 
purpose. 

Other sources also have been used, such as the arc in air and 
in vacuo and the spark under a variety of conditions. Professor 
H. M. Randall’s recent study of the arc spectrum of Sr (unpub- 
lished), concerning the progress of which he has kindly kept me 
informed by letter, has been of great service. The correct arrange- 
ment of lines in series is that which leads accurately to combination 
lines, which frequently lie in the infra-red; and it has been possible 
to settle many doubtful points only through such tests. Advantage 
has also been taken of the observations of Hampe,' Lorenser,’ 
C. F. Meyer,’ and Meggers.4 

The results are presented, as before, with the same notation, 
under the headings of the individual series. All wave-lengths 
are on the international system. ‘The numeration (values of m) 
chosen in my tables differs from that used by Fowler in his Report 
on Series in Line Spectra (1922) only in respect to the fundamental 
series in both singlet and triplet systems. My values of m for 
these series must be increased by 2 to bring them into agreement 
with those of Fowler. 

THE TRIPLET SYSTEM 

Principal series of triplets: (1s)—(mp).—The first member of 
this series is shared with the sharp series of triplets; its lines are 
AX 7070.28, 6878.12, 6791.06. The corresponding terms (1) 
are 31020.8, 31421.1, 31608.0. The second triplet was found 
by Randall, but its place was predicted through the combination 
series (1d)—(mp), given below. The predicted wave-lengths are 

t Zeitschrift. wiss. Phot., 13, 348, 1914. 

2 Tiibingen dissertation, 1913. 

3 Astrophysical Journal, 45, 93, 1917. 


4 Scientific Papers of Bureau of Standards, No. 312, 1918. 
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AA 20259; 20098; 20762;' and those observed by Randall AX 20263; 
20705; 20767. ‘The third triplet can be calculated in the same 
manner and should be at AX Q595; 9624; 9637. Randall has 
observed one line at 49597. ‘The fourth triplet has not been 
positively identified; its strongest line should be near d 7873, but 
it is probably extremely faint. 

Sharp series of triplets: (1p)—(ms).—-Table I gives the wave- 
lengths of the lines of this series, together with the wave-number 
differences within each triplet, which should remain constant. 
The ‘“‘terms”’ are also given. ‘The last four lines are believed to be 
new. ‘The series is of medium strength, well developed in arc and in 
oven spectra. 


rABLE I 
SHARP SERIES OF TRIPLETS Ip) m LIMITS 31026.8; 31421.1; 31608.0 
ALA An ALA Avs ALA Terms m 
7070.28 | 395.0 6878.12 186.2 6791.06 16886 .8 I 
4438.03 | 304.0 4301.74 186.8 4320.47 8500.9 2 
3865.46 395.5 3507.2 150.5 3790. 35 5103.2 3 
3025.33 | 393-7 3577-20 155.9 3553-19 3473-4 4 
3504.04 391.9 3450.50 187.0 3434.28 2498.0 : 
3430. 10 394.1 3354.39 1882.0 6 
3382.10 394.6 3337.05 1407.7 7 
Diffuse series of triplets: (1p)—(md).—This is the most obvious 


series in the spectrum of Sr, and contains some very strong lines. 
Of the lines given in Table II some fifteen are believed to be new, 
and most of the lines have been redetermined on plates taken 
from vacuum sources, where the lines lose their characteristic 
diffuseness and become accurately measurable. The complexity 
of the triplets is thus disclosed, and there appears a trace of the 
same abnormality in the spacing of these complexities as was 
noted in the corresponding series in Ca, though the observations 
are here less complete. The ‘curve of residuals’’ also takes a 
form somewhat like that for Ca and given in Figure 1 of the Ca 
article referred to above.’ 


* See footnote on p. 78 > Astrophysical Journal, 52, 265, 1920 
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TABLE II 


DIFFUSE SERIES OF TRIPLETS. (1p) —(md) Limits SAME AS IN SHARP SERIES 
ALA Av ALA Av: ALA Terms m 
30005 394.7 27355 -3 157.1 26023 .6 27606.0 | I 
30109 .7 3904.3 209014.5 27700.4 
29225.0 27760.0 
4971.05 304.2 4876.06 186.7 4832.08 10880. 5 
4997 .93 394.0 4572.51 10903 . 3 
4902.31 10918 .3 
a licandeaianiea ‘ ‘ ———|- 
4033.19 394.2 3970.05 150.9 3940.51 0222.2 3 
4032.39 394.3 3909 . 27 6234.5 
4030.39 6239.4 
3053.93 150.9 3029.14 4051.0 4 
3700.74 395.0 3053.20 4050.5 
3795.98 4001 .1 
3500.11 180.5 3477 -37 2550.6 5 
3545.05 394.2 3499 . 09 2555.1 
3545.09 2558.7 
: 3390.07 | 2110.4 6 
3458.47 394.2 3411.94 | 2120.5 
3457 .95 . 2123.7 
| 3336.13 1634.0 | 7 
3350.69 | 1638.4 
3401.22 ; 1641.7 
1300.3 8 
3363.84 395.0 3319.72 1307.90 
3303 .04 
1000 5 9 
3330.58 392.7 3293.42 1005.4 
3339.13 
3310.32 881.5 10 
““Covered”’ by other strong lines rl 
3289.74 638.0 12 
pres an 
3280.54 552.58 | 13 


Fundamental series of triplets: (1d)—(mf).—This series was 
first found by Fowler. It has been remeasured and several close 
pairs resolved in it. From X\ 3852 on, all the lines are new. Its 
triplets are complex, like those of the corresponding Ba series, but 
very close. 
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TABLE III 


FUNDAMENTAL SERIES OF TRIPLETS 1d mi Limits 27606 27706.6.1; 27766.0 
ALA ay ATLA A ATLA Terms m 
4593.12 100.32 4509.19 59.7 1555 'e 7170.2 I 
1592 690 I Se 4505 74 754 3) 
1892.03 174.¢ 

$319.12 55.7 $305 4559-7 2 
$337.89 100 . ( $319.03 1559.6 
4337.70 $5¢ } 
$057.40 00.5 4070.58 SsQO.2 j O 3147 .¢ 3 
3950.05 0. I 3035 ( 4 


3500 .9d 99.6 355 11 ( j 5 
3511.94 gg .f 379 5 >.s a } S ( 
3773 70 og .f 3759 ( 59.5 5 ! ) 

3740.1 99 373 19 } 3 5 5 
4 24 Q 


COMBINATION SERIES IN THE TRIPLET SYSTEM 


Series (1d) —(mp).—If we subtract the three terms (2p), which 
are 11952.2, 12056.9, and 12071.5 (or 12098.2?') from the three 
terms (1d) given above, we obtain nine wave-numbers of which six 
give real lines in a group in the red, first completely observed by 
Lorenser. This group is the second member of this series, the first 
being the first of the diffuse series triplets, taken with negative sign 
i.e, —(1p)+(1d). The third member of this series is composed of 


a group of six lines at AX 4729.52; 4713.90; 4707.10; 4703.93; 


‘There is a curious difficulty here. The term 1 1.5 corresponds to a line, 
6360.91, in the group (1d p), which has the right intensity, but is, by analogy 
with Ca, too close to the next group line, \ 6363.88. The corresponding (1 2p 
line is \ 20767, which appears (Randall) to have the correct intensity. If, however, 
we were to consider \ 6380.72 as the true line in the (1d b) group, we should also 
find a (1s — 2p) line at \ 20882 in the right position and of a tolerable intensity; but a 
new objection arises from the fact that \ 6380.72 appears to belong also to another 


group of lines, whose series significance is not yet clear, and observations on the Zee- 
man effect (Paschen; unpublished) indicate that this classification is correct. Hence, 


since analogy is a less trustworthy guide, I have discarded this second alternative. 
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4700.75; 4093.89; which yield terms (3/) as follows: 6467.8; 
6498.7; 6513.1. By means of these the third triplet of the principal 
series was calculated. The fourth member of the series may 
begin with a line at \ 4269.20, but, if so, others of this group are 
too faint to have been observed. 

Series (2d)—(mf).—This series is represented by a triplet in 
the infra-red at AX 26947; 26806; 26714, given by the combination 
(2d)—(1f). The next member does not appear, doubtless on 
account of faintness. 

Series (2p)—(md).—This series is also represented by a triplet 
in the infra-red at \X 17446; 17170; 17137, given by the combina- 
tion (2p)—(3d). The next member is not found. 

Series (2p,) —(ms).—One line, \ 28964, appears to be the com- 
bination (2/,)—(2s). No others have been found. This com- 
bination was not found in Ca. The region in which it lies in Ba 
has not yet been investigated. It is probably real. 

THE SINGLET SYSTEM 

Principal series of singlets: (1S)—(mP).—This series is the 
one formerly called SZ1.'. Its later lines have been measured, 
and the limit much more accurately obtained. Table IV gives 
numerical data of this series. The terms there given are averages 
obtained from this series and the combination series (1D) —(mP) 
given below (p. 82). 

TABLE IV 


SYSTEM OF SINGLET SERIES 


PRINCIPAI SHARP DIPFFUuUsI FUNDAMENTAL 
Ls mP iP mS iP mD (1D) mi 

m A LA Terms ALA Terms A LA Irerms A LA lerms 
I $907 . 34/24227.1 $007 . 34)45925.0 O.45m@) |25779.3 §150.07| 0357.0 
29031 .S5/11527.5 11242.3 |15334.5 7021.54 |11110.0 4075.35] 4400.9 
3 Q.50! FOIQ.O 5970.10} 7451.0 5543.42 O19 4 4400.05) 3050.5 
} 2425.11) 4753.5 5105.45) 4673.1 4095.54 $993 - 7 4252.97! 2209.9 
5 354-32) 3403.4 4753.93} 3329.¢ $055.59 2904 . 7 $155.49) 1735.5 
0 3 30} 2595.8 4552.Q1|} 2412.8 4527.20 2145 .¢ 4090.14) 1370.0 
y »g| I9QSQ. 2 $403.31) 1525.3 4052.47} 1100.9 
% 53-32] 1559.6 4021.02 913.9 
Q. 2237.05} 1251.0 39907 . If 705.0 
Io 2220.35] 1022.0 3070.47 045.1 


t Astrophysical Journal, 32, 153, 1910 
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Sharp series of singlets: (1P)—(mS).—There is the same 
difficulty in discovering this series as arose in the case of Ca, and 
the arrangement given in Table IV must be regarded as tentative, 
especially as regards the last three lines. > 4783.93 appears on one 
of my plates as a wing on the strong line \ 4784.39, from which it 
is not clearly resolved; and there is some question whether a 
faint line at X 4585.92 should not be put in place of X 4582.91. The 
last four lines given in the table are new, and indicate to what 
an extent the oven brings out the lines of these rather retiring 
series. 

Diffuse series of singlets: (1P)—(mD).—In harmony with the 
arrangement already adopted in Ba and Ca, the term 25776.3, which 
occurs as the limit of the two series formerly called SL2 and SL3, is 
considered to be 1D, the first term of the diffuse series. The 
second line in this series should lie at the edge of the infra-red, 
and the choice shown in Table IV must be regarded as somewhat 
uncertain. ‘There are several good lines in this neighborhood, and a 
selection among them is difficult. Lacking Stark-effect observa- 
tions to guide us, we must turn to combinations which would result 
in consequence of our choice. A number of such combinations 
occur, but in no case is their arrangement precisely similar to the 
case of Ca. The choice for the second line of the series seems to lie 
between A 7621.54 and A 7673.11, both of which give interesting 
combinations. As far as the combinations go, \ 7673.11 is more 
like the Ca line selected for this place (A 7326.10), but it fits less 
well into the “curve of residuals’’ for the series. It is not now 
possible to make a final decision on this point. The rest of the 
series, however, seems fairly certain, and the form of the curve of 
residuals is exactly like the one for the same series in Ca. 

Fundamental series of singlets: (1D)—(mF).—This is the series 
formerly known as SL3. Its lines, given in Table IV, are remeas- 
ured with much greater precision, and six new ones have been 
added. Its terms are, as usual with this type, not far from those 
of the series in hydrogen. 

Indications of new types of singlet series —Both Ca and Sr show 
a few strong lines which do not fit into the conventional series 
scheme, as above outlined, and yet which show, through their 
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Zeeman effect and their temperature classification, so far as known, 
that they belong to the singlet system. Sommerfeld has suggested, 
following an indication given earlier by Paschen, that there are more 
than four types of series; and the new types should approach more 
and more nearly to the hydrogen type. Apparently their terms 
can never be large, and must be less, in fact, than those of the 
fundamental series. Any indications, therefore, of the existence 
of new types of series whose terms are not small enough to harmonize 
with Sommerfeld’s suggestion, would be of considerable interest, 
as tending to show that these spectra contain greater complexities 
than the present atomic model suggests. Such terms we may 
call (mX), (mY), etc., without attempting to specify what sort of 
series they may belong to. 

If (mX)=8964.5, I find that (1P)—(mX) leads exactly to 
6550.25 (calculated y= 15262.6; observed, 15262.4); (1p,) —(mX) 
leads to 4531.32 (calculated v=22062.3; observed, 22062.4); 
(1p,.)—(mX) leads to \ 4451.80 (calculated v= 22456.6; observed, 
22450.3); (1p;)—mX) leads to \ 4414.87 (calculated v= 22643.5; 
observed, 22644.5, but some doubt as to whether this is a true Sr 
line). The corresponding term in Ca is 8584.8, and (1P)—(mX), 
(1p:)—(mX), (1p.)—(mX) there lead to observed lines at 
AA 5857.48; 3935.36; and 3918.90, respectively, with great accu- 
racy. I cannot find a second term for this series. 

If (mY) =111098.2, then (1P)—(mY) leads to \ 7673.11 (calcu- 
lated vy =13028.9; observed, same), and (1p.)—(mY) to dX 5041.85 
(calculated v= 19828.6; observed, 19828.5). 

If (mZ)=8765.2, then (1P)—(mZ) leads to 6465.79 (cal- 
culated v=15461.9; observed, 15461.8); (1p,)—(mZ) leads to 
4 4491.01, a faint oven line (calculated »=22261.6; observed, 
22260.5, perhaps an accidental agreement) and (1p,)—(mZ) leads 
to 4412.62 (calculated v= 22655.9; observed, 22656.0). 

Several of the lines involved in these combinations are new and 
fairly strong in the oven spectra. 

All of these terms are large, and it seems unavoidable to con- 
clude that if they belong to new types of series, as one would 
expect from the existence of the foregoing combinations, such 
series cannot be of the sort contemplated by Sommerfeld. 
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COMBINATION SERIES IN THE SINGLET SERIES 

Series (1D)—(mP).—This is the series formerly called SL2. 
Its lines have been remeasured, and three new ones found. ‘The 
revised wave-lengths run as follows: AX 7167.29; 5329.82; 4755-573 
4480.54; 4313.18; 4202.81; 4128.24; 4076.32; 4038.53. The 
corresponding terms have been given in Table IV on page 79. This 
is the strongest of the combination series of the singlet system, and 
is very well brought out in oven spectra. 

Series (1S)—(mD).—This is a faint series, whose existence 
seems certain, in spite of rather defective observations. The first 
line occurs at \ 4961.50 and was found by Dr. King precisely in its 
predicted position, on one of his high dispersion plates, and clearly 
separated from its strong neighbor \ 4962.31 of the diffuse triplet 
series. ‘The second member should appear at A 2871.43. A faint, 
diffuse line appears in the arc in air near \ 2871.00 which is probably 
the line in question. The third member has not been found, 
but a faint line at \ 2389.3 may be the fourth member of the series. 

Series (2S) —(mP).—One line of this series seems to have been 
found by Randall, namely (2S)—(2P); calculated AX 28505; 
observed, 28516. ‘The agreement is not very satisfactory. 

INTER-SYSTEM COMBINATION SERIES 

Series (1S)—(mp,).—This series is well known, on account of 
the importance of its first line in connection with radiation poten- 
tials. ‘This line is at \ 6892.60, as was first pointed out by Lorenser. 
The second was found in oven spectra at precisely the calculated 
place, \ 2951.71. The third line is too faint to be visible on any 
of my photographs. 

Series (2S)—(mp,).—The first line of this series may be the 
line observed by Randall at \ 30482, though the calculated position 
is 12 A lower. 

Series (1D)—(mp).—One triplet of this series occurs, (1D) — (2p) 
or at least two of its lines, at AX 7232.24 and 7287.44, reasonably 
near their calculated positions. The third line (1D)—(2),) should 
coincide with \ 7309.46, which is too strong, relative to the others, 
to be formed from this combination. Perhaps there are two lines, 


not resolved, at this place. 
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Series (1p) —(mS).—Since (1p) has three values, this combina- 
tion calls for three series, of which only one appears, namely 
(1p.)—(mS) and that very imperfectly. The combination 
(1p.)—(3S) leads to 4175.84, a faint line in oven spectra, 
with an accuracy of about o.1 A. 

Series (1p) —(mD).—Lines occur at (1p,) — (3D) and (1p,) — (4D), 
AA 3962.61 and 3658.23, both new oven lines, the first rather strong. 
The agreement with calculation is satisfactory, the differences being 
less than o.1 A. No other line of the series could be found. 
Another line, 4025.52, of the same character, seems to be 
(1p,) — (3D), and possibly the combination (1,) — (4D) also occurs, 
at 4 3711.90, which is a faint oven line. It seems likely, there- 
fore, that both series (1p,)—(mD) and (1p,)—(mD) occur. If 
(1p;)—(mD) occurs, it must be much fainter than the others. 

JEFFERSON PHysICAL LABORATORY 


HARVARD UNIVERSITY 
July 1922 








FURTHER EVIDENCE ON THE BRIGHTNESS OF THE 
STARS OF THE NORTH POLAR SEQUENCE’ 
By FREDERICK H. SEARES anp MILTON L. HUMASON 
ABSTRACT 


Mount Wilson photographic and photo-visual scales of magnitude.—These scales 
were based wholly on plates made with the 60-inch reflector and as there was some 
question as to photographic magnitudes brighter than the tenth, and photo-visual 
magnitudes fainter than the eighth, additional data have recently been secured with 
the 10-inch Cooke refractor. Exposures both with and without a wire screen which 
absorbs 3.02 magnitudes were made on 54 plates. Taking the photographic magni 
tude of each star to be o“r1g C less for the 10-inch than for the 60-inch, where C is the 
color-index, and the photo-visual magnitude to be the same for both, the investigation 
reveals no appreciable error in the photographic scale and shows it to be homogeneous 
from the fourth to the fourteenth magnitude; and the slight correction of +oMos5 
indicated for the photo-visua! scale near the ninth magnitude is not confirmed by more 
reliable exposure-ratio results to be reported elsewhere. The original scales are 
therefore retained. 

Revised magnitudes of stars of the Polar Sequence.—The plates also enable correc 


tions to be given to the photographic magnitudes of 45 stars and to the photo-visual 


magnitudes of 28 stars. These average =o™“o3 and +o™o4, respectively, for the two 


scales. The larger photographic corrections are in substantial agreement with those 
recently found at Greenwich by Jones. 

The following pages summarize a recent investigation of the 
brightness of stars near the North Pole, undertaken in connection 
with the work of the International Commission on Stellar Magni- 
tudes. Certain results of the earlier investigation? had not yet 
been fully confirmed by observations made elsewhere,’ and, as the 
original measures had been wholly with the 60-inch reflector, it 
seemed desirable that additional data be secured with an entirely 
different instrument. 

The question at issue related mainly to the photographic 
magnitudes of stars brighter than the tenth magnitude. From the 
tenth to the fifteenth or sixteenth magnitudes there was evidence 
that the scale had been well determined; but between the sixth 

* Contributions from the Mount Wilson Observatory, No. 234. 

2 Mt. Wilson Contr., No. 97; Astrophysical Journal, 41, 206, 1915. 

3 Besides short series of measures by Parkhurst and Schwarzschild, King’s results, 
Harvard Annals, 76, No. 10, were in agreement with Mount Wilson. Jones’s observa- 
tions, Monthly Notices, 82, 21, 1921, which are also in excellent agreement, appeared 
after the present investigation was begun. 
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and tenth magnitudes there remained an unexplained difference 
of a quarter of a magnitude between the Harvard and Mount 
Wilson results. 

Visual magnitudes of the stars of the Polar Sequence have been 
measured at the Harvard Observatory to the thirteenth magnitude. 
Besides these and the Mount Wilson photo-visual results published 
simultaneously with the photographic magnitudes in Mt. Wilson 
Contribution No. 97, there is no evidence bearing on the visual or 
photo-visual scale of the stars in the polar region fainter than the 
eighth magnitude. Further investigation of this scale was therefore 
also desirable. 

The instrument used for the present investigation was the 
1o-inch Cooke refractor of 45 inches focal length, which represents 
a radical change in conditions as compared with the 60-inch 
reflector. Its relatively small aperture implies an entirely different 
relation between diffraction pattern and resulting photographic 
image of a star; its small focal length means minimized influence 
of atmospheric tremor; its large field results in small corrections 
for distance error (for a compact group of stars at least); while 
its large color equation presents an extreme example of the difference 
in the color-sensibility that may affect the instrumental equipment. 

The reduced-intensity exposures were made with.a wire screen 
absorbing about three magnitudes, placed in front of the objective. 
As usual, equal multiple exposures, arranged in a symmetrical 
sequence (for example: full aperture, screen, screen, full aperture), 
were made on each plate, the exposures for different plates ranging 
from 1 to 32 minutes in order that stars of widely differing brightness 
might be accurately measured. 

The longer exposures for photographic brightness extend several 
magnitudes below the questionable portion of the scale. This 
greatly simplified the reductions; for since the photographic scale 
below the tenth magnitude may be accepted as reliable, the magni- 
tudes in this region could be used to determine the absorption 
produced by the screen. Moreover, as will appear shortly, a series 
of photographs covering a wide range in exposure time affords a 
simple means of testing the homogeneity of the scale without 
actually calculating the magnitudes of individual stars. This 
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calculation is eventually necessary, but it is convenient to see in 
advance if a divergence in scale is to be expected. 

The photographs were taken and measured by Humason. 
For much of the calculation connected with their reduction we are 
greatly indebted to Miss Joyner. For the determination of the 
photographic scale 43 plates were available. The investigation of 
the photo-visual scale, which depends on only 11 plates, could be 
much abbreviated, since the results are supplemented by inde- 
pendent evidence obtained by combining the adopted photographic 
magnitudes with values of the color-indices derived by the method 
of exposure ratios. To restrict the labor as much as possible, 
only stars of the Polar Sequence were measured. Corrections for 
distance from the center of the plate were neglected, since the 
distances themselves are small. Only a few of the brighter stars 
are more than a degree or two from the Pole, and these were brought 
to the center of the plate by shifting the telescope before making 
the screen exposures. 

The measurement of each photograph yielded two series of scale 
readings, one for full-aperture and one for screen exposure. These 
were first used to determine the screen constant and to test for 
homogeneity the scales of Contribution No. 97. 

Since these scales refer to the color-system of the reflector, the 
individual magnitudes must be reduced to the system of the 1o-inch 
refractor before they can be used with the latter instrument or 
compared with results obtained with it. The differences in the 
color-sensibility of different telescopes (together with the photo- 
graphic plate) are of the same order as those in the visual color- 
perception of different observers. In careful work these instru- 
mental peculiarities cannot be neglected, but in practice the data 
necessary for reduction to a normal system of color are usually 
lacking. It is not difficult to determine the relative color-equation 
of two instruments, but the second essential—the color of the star 
whose brightness is to be determined—is generally unknown, and 
the comparison of results obtained with different instruments then 
means little unless the relative color equations are small. In the 
present case, however, the colors of the stars are known. 
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The chief instrumental source of the color-equation lies in the 
violet and ultra-violet absorption occurring in the optical system. 
Since light of these colors plays little part in forming a photo-visual 
image, the relative color-equations for photo-visual magnitudes are 
much smaller than those for photographic, as long as the same 
brand of plate and the same filter are used. In the present instance 
we adopt provisionally for the reduction to the system of the 
10-inch refractor" 


My = Moo —0.19 C (Photographic) (1) 


Mo = Méo (Photo-visual) (2) 


where mo. and C are magnitudes and color-indices given in Contri- 
bution No. 97. The resulting values of m, are in the second 
column of Tables III and VI. 

These magnitudes were plotted against the two series of scale 
readings (full-aperture and screen images, respectively) derived 
from each plate. In the ideal case of perfectly accurate magni- 
tudes and no errors of observation, the plotted points would define 
two parallel curves, whose separations, measured parallel to the 
magnitude (ordinate) axis, would be equal to the value of the screen 
constant. Actually the behavior of the curves indicates the de- 
gree of homogeneity in the given scale. In the present case the 
photographic scale below the tenth magnitude is known to be 
substantially correct, and we should expect the curves in this region 
to be sensibly parallel. The screen constant is determined from 
this portion of the data. 

Detailed results for the differences in the ordinates of the curves 
are given for individual plates in Tables I and II, omitting only 
those whose screen exposures show but one or two stars each. 
The first column indicates the ordinate (magnitude) of the full- 
aperture curve from which the distance between the curves was 
measured. The values of the separation for every half-magnitude 
are shown in the body of the tables in the form of deviations from 
an even three magnitudes. Thus the first value in Table I for plate 
517, exposure 32m, indicates a separation of 3.10 mag., measured 


tSeares and Hubble, Mt. Wilson Contr., No. 187; 


7; Astrophysical Journal, §2, 8, 
1920. 
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from the point on the full-aperture curve whose ordinate is magni- 
tude 11.5. For plate 508, on the other hand, the separation for 
the same ordinate is 2.95 mag. 

Restricting our attention for the moment to the photographic 
scale (Table I), we note that the two values just given depend upon 
stars whose mean magnitudes are 11.5 and 8.5, respectively, those 
of the latter value having been reduced to an apparent brightness 
of 11.5 by the use of the screen. Were the magnitudes of these 
stars as given in Contribution No. 97 certainly dependable, the 
numbers 3.10 and 2.95 could be accepted at once as approximations 
for the screen constant. But since we assume the scale to be 
known only for stars fainter than magnitude 1o, it follows that 
only values of the separation of the curves for ordinates 13.0 and 
fainter are available for the calculation of the constant. 

We note, however, that the means of the quantities in each 
line of Table I, which are given in the last column but one under 
the heading ‘“‘ Mean (1),” are very nearly constant. There is no 
evidence of a progressive change, and this shows at once that the 
photographic scale of Contribution No. 97 is sensibly homogeneous, 
for, no matter what portion of this scale between the sixth and 
fifteenth magnitudes is used, we find appreciably the same value 
of the screen constant. Assuming the scale to be correct from 
the tenth magnitude downward, that between the sixth and tenth 
magnitudes must also be substantially correct. In the mean, 
the photographic data in Table I give the following result: 


Stars between mags. 6 and 10, Am=3.03 (207 values) | 
Stars between mags. 10 and 15, Am=3.02 ( 46 values) | 


(3) 


The value 3.02 mag. is therefore adopted for the screen constant. 
There is so little progressive change in the values of Mean (1) that 
the treatment of the photographic data reduces itself to a simple 
combination, arranged to diminish as much as possible the acci- 
dental errors in the individual magnitudes. 

The agreement in the values of Mean (1) for the photo-visual 
results shown in Table II is nearly as satisfactory. The irregu- 
larities are a little larger and there seems to be a small progressive 
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change, but the number of plates included in each mean is much 
smaller than in Table I. From all the data in Table II, 


Stars between mags. 6 and 12.5, Am=3.02 (68 values) (4) 


which is the same as the adopted constant found from the photo- 
graphic data. We conclude, therefore, that the photo-visual scale 
is very nearly, if not quite, homogeneous; moreover, (4) shows 
that in the mean it is consistent with the photographic scale, and 
hence should be substantially correct. We shall examine the 
small progressive change in the values of Mean (1), Table II, in 
a later paragraph. 

The individual values of Am in both Tables I and II show the 
influence of appreciable systematic errors which are peculiar to a 
plate. The means for the separate plates shown at the bottom of 
the tables range from 2.92 to 3.19 (plates 512 and 514) and 2.93 
to 3.07 (plates 527 and 535), respectively, with an average deviation 
of +0.05 mag. This is only to be expected from observations 
which depend upon multiple exposures. Fluctuations in atmos- 
pheric conditions, the absorption of water vapor by the photo- 
graphic film, and a variety of other factors combine to produce an 
effective value of the screen constant for each plate which differs 
more or less from the true value. The disturbance can be rendered 
accidental by increasing the number of plates, as in the present 
investigation, where its influence upon the adopted constant is 
very small. 

The effect upon the magnitudes of individual stars will be more 
serious, however, unless special precautions are taken, for some of 
the stars appear on a few plates only. ‘The difficulty can be avoided 
by reducing each plate with its effective constant; but we must 
first see whether this will modify the scale. This may be determined 
by applying to each value of Am in each column the corresponding 
systematic correction in the last lines cf Tables I and II, the correc- 
tions being the difference between 3.02 and the mean Am for the 
plate in question. ‘The horizontal means of the results thus found 
are given under the heading *“‘ Mean (2),”’ and represent what would 
have appeared under Mean (1), had the effective Am for each plate 
been equal to 3.02. The revised values are sensibly the same as 
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those of Mean (1), which shows that the scale will not be altered 
by reducing the individual plates with their effective constants. 
By so proceeding the errors in the individual magnitudes are 
appreciably diminished. 

Since Table I gives no evidence of appreciable error in the 
photographic scale of Contribution No. 97, the determination of the 
magnitudes is a simple matter. It is only necessary to read from 
the full-aperture curves referred to above, with scale reading as 
argument, the magnitude of each star, and subtract from those 
interpolated with readings of images obtained with the screen, the 
values of the effective constant. Since the effective constant 
cannot be determined when only one or two screen images appear, 
several photographs of bright stars were reduced with the mean 
constant 3.02 mag. 

Each of the magnitudes thus found yields a correction to the 
corresponding magnitude given in Contribution No. 97. The results 
are summarized in Table III, which shows the mean correction 
derived from each group of plates, classified according to exposure 
time. The second column of the table gives the magnitude from 
Contribution No. 97, reduced to the color-system of the 10-inch 
refractor. ‘The headings of the six following columns indicate the 
exposure and the number of plates in each group. The corrections 
in the body of the table are given separately for full-aperture 
(left-hand series) and screen exposures. The number of values 
included in each mean correction is usually the same as the number 
of plates in the group, except in the case of the 1-minute plates. 
For these the number varies from 1 to 24, with an average of 9. 
Individual corrections in excess of 0.3 mag., 4 in a total of 954, 
were rejected. The weighted means from all the data and the total 
numbers of values appear in the last two columns. 

The corrections for stars 1, 4, 35, and 17, and for the faintest 
stars in the list are of relatively low weight. The largest among 
the corrections of high weight is —o.08 mag. The average devia- 
tion of a single magnitude is +0.070 mag. ‘The simple mean of the 
corrections based on five or more determinations is +0.028 mag. 
The probable reality of the larger corrections is indicated by the 
agreement shown in Table IV with similar corrections found by 
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Jones,’ the quantities in parentheses being the approximate relative 
weights within the respective series. There are only two cases of 


rPABLE III 


CORRECTIONS TO PHOTOGRAPHIC MAGNITUDES 
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an actual difference in algebraic sign, which shows a close accordance 
between the recent Greenwich investigation and that reported here. 


t Loc. cit. 
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For the seven red stars of high weight, 27 to 8r inclusive, there 
are two zero differences, four of 0.01 mag., and one of 0.02 mag. 
This confirms the reality of the large color equation of the ro-inch 
refractor for photographic magnitudes, and shows that the adopted 
coefficient in equation (1) is sensibly correct. 

TABLE IV 


COMPARISON WITH CORRECTIONS FOUND BY JONES 
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The corrections in the last column of Table III may be combined 
with the magnitudes in the second column to form weighted mean 
values referred to the system of the 1o-inch refractor, or with the 
photographic magnitudes of Contribution No. 97, to obtain a revised 
system for the 60-inch reflector. Other data are available, however; 
and the final results, based on all the material which has been 
accumulated, are given in the following Contribution No. 235. 

Turning now to the photo-visual magnitudes, consider first the 
small progressive change in the screen constant indicated by the 
last two columns of Table II. This suggests that the photo-visual 
scale requires a slight readjustment. The smoothed values of the 
constant are given in the second column of Table V, and it is 
readily seen that each of these would become equal to the adopted 
mean, were the original scale modified by the quantities shown in 
the third column of the table. Thus, since the first value of Am 
depends upon the difference in brightness of stars whose mean 
magnitudes are 6.0 and 9.0, respectively, corrections of 0.00 and 
+0.05 at these two points of the scale would increase the observed 
value from 2.97 to 3.02. Again, the last value of Am depends 
upon stars of mean magnitude 9.5 and 12.5. Corrections of +0.04 
and +0.o1, respectively, give the required reduction of 0.03 from 
3.05 to the adopted mean. The maximum correction is +0.05 
mag. in the vicinity of magnitude 9. 
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These results, however, scarcely justify a change in the original 
scale, for the divergence in question arises almost wholly from two 
of the eleven plates, Nos. 535 and 536, both of which show large 
differences in gradation between the full-aperture and the screen 
exposures (see Table II). There is, moreover, additional evidence. 
The colors of the stars near the Pole have been extensively observed 
by the method of exposure ratios, and since we now have reason to 
believe that the photographic scale for the brighter stars is reliable, 
it is clear that the photo-visual scale may be independently estab- 
lished by combining photographic magnitudes with color-indices 
derived from the exposure ratios. This material is discussed in 
Contribution No. 235, but the results are summarized in the last 
four columns of Table V, the significant quantities appearing under 
the heading ‘‘Corrn. (2).” 

TABLE \ 


SCALE CORRECTIONS 


Pv. Mag Am Ping Pv. Mag. | ocak No. Stars | Rel. Weight 
0.0 °) > 3 2 3 
0.5 2 5-4 3 4 4 
7 Pee, 2 0.5 5 3 
7.5 T4 °) 5 4 
8.0 T4 9.5 ) 0 10 
8.5 +5 10.4 I 5 22 
0.0 P.O7 5 2 I 5 I4 
o.s 3.00 12.4 3 14 35 
10.0 3.02 2 te >? 
10.5 3-93 TS [4.3 I 25 17 
iz.9 3.04 15.4 I 40 IO 
11.5 3.05 T2 160.2 r3 31 7 
12.0 3.05 T 10.9 d 19 0 
‘2.8 3 I 


With the exception of the values for 8.0 and g.5 it will be noted 
that these corrections are small and in general accidental in char- 
acter. Further, the two large corrections are opposite in sign to 
the values of Corrn. (1). In view of these results, which are of 
good weight, it appears that Corrn. (1) is of the order of the 
uncertainty affecting its determination, and may be disregarded, 
Nor does Corrn. (2) itself afford any certain basis for a change 
in the opposite direction. The exposure-ratio observations in 
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these two groups are not well distributed, and most of the difference 
can be traced to three or four stars. A small systematic effect is 
certainly present, but as between the two series of magnitudes and 
the exposure ratios, its source cannot be located. ‘The photo-visual 
scale of Contribution No. 97, as well as the photographic, is therefore 
adopted unchanged. 

The problem of photo-visual magnitudes, provisionally at least, 
is therefore also one of diminishing the accidental errors of the 
original values in Contribution No. 97. Proceeding as for the 
photographic data, we find the results given in Table VI. 


TABLE VI 


PHOTO-VISUAL MAGNITUDES OF POLAR SEQUENCE STARS 


i Sums ot . Sums of 

Star Py. Mag Deviations, No Corrn Star Py. Mag Deviations} No Corrn 
Cont. 97  eeetes Cont. 97 agg 

¢ 5,76 II —oMo6 45 9.83 35, 27 11 +oMor 
r 0.3 5,73 It ¢ 7r 9 .9go O,114 II 10 
¢ 7 QO, II I 10.37 9, 17 II I 
7.05 32,15 Il I Sr 10.44 55, I! II 4 
7s 50, 7 10 7 I I 54 50, ° I! 5 
r 7 0,12 II 2 I ©, «7 2 8 
Ss ) 4,34 7 I I 10.59 ce. 3 Il _ I 
r 5. 2¢ 3,1 6 2 i¢ II .2 2 7 7 2 
r 5.05 >, 31 3 10 17 Ir.25 9 7 6 
9 8.31 Se 7 ¢ 15 It .59 II, 3 3 
I 9.07 19,40 I Iir 12.06 s, ® 2 4 
or i) I or, 13 19 12 re] re) 390 3 = 13 
11 0.53 09, 5 I 21 12.45 10 ) 8 
I 9.80 7,82 II 7 20 12.51 ©, 30 2 —O.15 


The magnitudes in the second column are taken directly from 
Contribution No. 97. The third column contains the sums of the 
positive and negative deviations for the 11 plates; the fourth 
column, the total number of values; and the fifth, the mean correc- 
tions to the magnitudes in the second column. Thus the first 
correction is (+5—76)/11= —6. 

Neglecting three rejected corrections which exceed 0.3 mag., 
we find for the mean of the 231 remaining deviations +0.065. The 
weighted algebraic mean of the final corrections for the red stars 
is less thano.o1rmag. ‘This shows that for photo-visual magnitudes 
the color-systems of the 1o-inch refractor and the reflector are 
identical, and justifies the assumption expressed by equation (2). 

As in the case of Table III, the corrections may be combined 
with the original magnitudes to form revised values. Those finally 
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adopted, like the photographic results, also depend on data drawn 
from other sources and are given in Contribution No. 235. 

In résumé, the investigation with the ro-inch refractor reveals 
no appreciable error in the photographic scale of Contribution No. 97 
between the fourth and fourteenth magnitudes. The photo- 
visual scale has been examined between magnitudes 6.3 and 12.5. 
A maximum correction of +0.05 mag. near the ninth magnitude is 
suggested, but independent data of higher weight do not confirm 
this result. The original scale is therefore adopted. ‘The correc- 
tions to the magnitudes of Contribution No. 97 for accidental error 
(5 or more values) average +0.03 and +0.04 mag., respectively, 
for the two scales. The larger corrections for the photographic 
scale are in substantial agreement with those recently found at 
Greenwich by Jones. 

Mount WILSON OBSERVATORY 

February 1922 


























REVISED MAGNITUDES FOR STARS NEAR THE 
NORTH POLE’ 


By FREDERICK H. SEARES 
ABSTRACT 


Revised magnitudes and color-indices for stars near the North Pole-—Numerous 
comparisons with the polar standards have incidentally given extensive material for 
determining the errors affecting the standards themselves. The results for 55 stars 
(Table I) lead to revised magnitudes which are averaged with previously reported 
results obtained with the 60-inch reflector and the 10-inch Cooke refractor to give 
the adopted values listed in Table VIII. This table also gives the corresponding 
color indices from magnitudes and from exposure-ratios for these and 37 other polar 
stars, all based on the color system of the 60-inch reflector and the accessory 
equipment. 

Exposure-ratio method of determining color-indices has been previously described. 
A discussion of the results of 177 exposures including stars of photo-visual magnitude 
ranging from 2 to 17.3, indicates that the average deviation of a single determination 
is +o.12 magnitude, about half of which is due to the mean systematic error of the 
plate, and that in general the probable error is about 30 per cent less than in the case 
of a color-index derived by combining a photographic and a photo-visual magnitude. 
Normal points for the calibration curve, color-index as a function of log E, determined 
by observations on 216 stars, are given in Table IV and the adopted values in Table V. 

Differential error between photo-visual and photographic scales of magnitude.— 
Although the exposure-ratio color scale is calibrated by measurements on stars of 
known color index, systematic errors in the two magnitude scales upon which the 
color scale depends were eliminated by using stars with a wide range of magnitude. 
Hence the exposure-ratio scale is independent of the magnitude scales and may be 
used to test the differential error between them. The data (Table VII) show agree- 
ment to within +o™o3 from photo-visual magnitude 3 to 17, except for a few stars 
near magnitude 9 for which the mean difference is oMoo. 


The following pages bring together the results of several investi- 
gations bearing upon the magnitudes of stars near the North Pole. 
The basic determination of both photographic and photo-visual 
scales is that of Mt. Wilson Contribution No. 97,7? which depends 
entirely upon observations with the 60-inch reflector. These 
results refer to the color-system of that instrument as used with the 
photographic plates* and a certain yellow filter habitually employed 
in photometric work at Mount Wilson. 

To diminish the effect of accidental errors, the individual 
magnitudes of about fifty of the stars in Contribution No. 97 have 
been combined with a large amount of material obtained inci- 
dentally in connection with an entirely different investigation. 

* Contributions from the Mount Wilson Observatory, No. 235. 

2 Astrophysical Journal, 41, 206, 1915. 

}Seed’s Gilt Edge, 27’s and 30’s, and Cramer’s Instantaneous Isochromatic. 
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The revised magnitudes are on the scale and color-system of 
Contribution No. 97. 

At various times during the last six years numerous measures 
of the colors of stars near the Pole have been made by the method 
ot exposure ratios. ‘The method must be calibrated upon stars of 
known color-index, but this can be accomplished in such a manner 
that systematic errors in the magnitude scales upon which the colors 
themselves depend do not enter into the calibration curve. Colors 
found from exposure ratios are thus essentially independent of the 
scale, and may therefore be used to test for differential error between 
photographic and photo-visual scales, since in the mean there should 
be no difference between the colors found by the two methods. 
A discussion of these data shows excellent agreement to the seven- 
teenth photo-visual magnitude, except for a few stars near the 
ninth magnitude for which the mean difference is 0.09 mag. 

Observations made at Greenwich, Harvard, and Potsdam 
confirm the substantial accuracy of the photographic scale of 
Contribution No. 97 to the sixteenth photographic magnitude. 

A recent investigation made at Mount Wilson! with the 1o-inch 
Cooke refractor affords further evidence on both the scales. The 
photographic scale is again confirmed. The photo-visual results 
are less reliable, but, considered in connection with the measures 
of colors, show that the scale of Contribution No. 97 must also be 
close to the truth. 

These several investigations are combined to form a system of 
magnitudes embodying all the data bearing on standard polar stars 
thus far collected at Mount Wilson. The final results, which are 
on the color-system of the reflector and the accessory equipment 
mentioned above, represent the contribution of this observatory 
to the report of the International Commission on Stellar Magni- 
tudes for 1922. 


I. REVISION TO DIMINISH ACCIDENTAL ERROR 
In determining the magnitudes of faint stars in the Selected 
Areas’ it has been necessary to make a large number of comparisons, 
tSeares and Humason, Mt. Wilson Conir., No. 234. Astrophysical Journal, 56, 
54, 1922. 


? See recent ‘Annual Reports of the Director of the Mount Wilson Observatory,” 
Year Book of the Carnegie Institution of Washington. 
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both photographic and photo-visual, with the polar standards of 
Contribution No. 97. Since the comparisons were intended only to 
establish the zero point of the magnitudes in the Selected Areas, 
and not the scale, the exposures were short, 2™ and 3", respectively. 
They afford, nevertheless, extensive material for the reduction of 
the accidental errors affecting the polar standards themselves. 

We are here concerned only with exposures on the Pole of which 
there are two on each plate. As a part of the reduction, the scale 
readings for these had been plotted against the adopted standards in 
the usual manner. The deviations of individual stars from the 
smooth curves defined by the plotted points represent the combined 
influence of the accidental errors in the standards and the errors 
affecting individual plates. In the mean the latter are accidental, 
whereas the former enter systematically into the observed devia- 
tions from the curves and should be brought to light by forming 
the algebraic mean of a large number of such deviations. 

Table I summarizes the results of this revision. ‘The second, 
third, and fourth columns contain the mean systematic deviation 
for each star, obtained as just explained, and the number of values 
upon which each mean depends. The deviations are the corrections 
required by the magnitudes in Contribution No. 97 to bring them 
into agreement with the results of the polar comparisons. The 
fifth and sixth columns give the revised magnitudes. These are 
means of the values in Contribution No. 97 and those derived from 
the polar comparison plates, formed with weights equal to the 
respective numbers involved. The last two columns give the 
revised color-indices and the total numbers of individual observa- 
tions for each star. 

A few corrections are large and indicate cases of more or less 
serious discordance. Most of these are the result of low weight in 
one determination or the other.t| For example, the photographic 
magnitude of star 439 given in Contribution No. 97 is clearly in 
error by a large amount and is rejected outright. Again, star 358 
shows a difference of 0.47 mag. in the photo-visual magnitudes. 
Here both determinations are uncertain, and the adopted mean is 

* Note that the numbers of values included in the means in Contribution No. 97 


are equal to the differences in corresponding quantities in the fourth and last columns 


of Table I. 
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TABLE I 


MAGNITUDES AND Coors DERIVED WITH 60-INCH REFLECTOR 


| N.P.C.—Contr. 97 | REVISED MAaGs. AND C.I. 
STAR — j — - = a 7 a — 
Pg Pv No P Pv C.I No 
14 + 5 r 3 a7. © II.00 10.55 0.45 | 94,27 
16 | = 8 4 | 21,13 IIr.59 Ez..39 0. 38 64,2 
19 rs 5 57554 12.71 [2.24 0.47 135,66 
20 ae 2 69 ,00 [2.99 12.53 >.40 155,72 
22 +15 t 6 27,25 13.47 12.8 >. 63 72,36 
| 
23 | = 9 12 69,55 13.59 [3.00 0.59 149,70 
24 I 3 44,34 13-93 13.31 >. 62 115,46 
2c rT 5 2 | 50,4 14.10 13.58 0.52 128,56 
56 | -—,% 4 | 66,44 14.62 13.69 9.93 | 140,56 
27 =— 56 2 | G38,%2 14.50 14.25 0.01 | 123,19 
| 
28 fe) r 4 28, I 15.27 14.54 >. 73 68, 8 
21 re) ry. 10.41 15.02 >.79 62, 6 
cS — § ° 30, 3 + eet I 00 I.05 | 96,31 
"7S +10 35 44,45 12.05 12.04 >. 61 | 114,57 
8s T10 3 29, 10 14.53 [3-77 ». 76 7923 
os I 14 | 68,41 14.74 13.74 I.00 | 134,53 
10S ; — J] ras i #4, 1 15.29 14.52 0.77 67, 8 
IIs t 52, 8 15.30 14.35 | 0.905 | 115,18 
12s T 2 9 39, 2 15.34 14.07 0.07 |} 100, 9 
13S 5 22 15.52 14.54 0.98 6s. 3 
NS ha e's r3 -15 6, 1 160.00 15.05 | 0.95 73, 8 
. ie 3 55 10.57 [5.71 0.50 |} 40, 5 
16s ré4 i I, 10.50 T5.50 | 1.30 37, 4 
rr ape 3 ri 43,4! 13.22 [2.07 r.15 122,53 
iar... 8 tI | 69,59 13.51 12.47 1.34 } 51,71 
126 30 ? 15.02 14.37 0.65 c. * 
127 - 4 a. 14.34 s.27 I.03 | 5,11 
130 at i Es I5.19 I4.2I 0.95 | 2. @ 
12 —17 = 14.41 13.54 0.387 7,10 
151 —2 {| +18 | 3,0 13.72 12.00 r.06 | 32,20 
[52 TI2 oe » 1 14.55 13.70 0.52 24,13 
158 ° - I5.10 14.57 0.53 on 
176 T14 13 5> 4 14.35 13.79 0.57 41,10 
226 - 2 —2i | 35, 2 14.90 14.15 0.75 7,82 
256 —4 -4 | 28, 8 14.66 13.84 0.82 | 78,19 
277 | — > I5 490, 4 15.33 I4.50 0.77 IIi,Itt 
3II. | + 4 — 5 2, 6 15.02 14.34 0.68 95,13 
3I9.. T 9 r 7 14,25 14.40 13.01 0.55 54,25 
329 +10 +19 14,27 14.35 13.51 0.84 52,30 
334 Sol - 3 51,14 15.20 14.44 0.70 121,21 
ee + 8 +6 | 5,10 14.73 13.84 0.89 | 33,13 
341 - 6 +12 8,15 cc. e 14.02 1.13 | 34,18 
345 = T 5 | 36,35 13.79 12.05 1.74 | 94,46 
350 - 3 TI4 | 20,1t II.O2 10.71 0.31 72,23 
358 -| +9 +47 9, 2 15.24 14.34 0.90 355 4 
' 
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TABLE I—Continued 


N.P.C.—Contr. 97 REVISED Macs. ANnp C.I. 
STAR = so ee a va 
Pg. Py. No Pg Pv oa & No 

362 —12 — 5 67,61 13.08 12.27 o.8!1 153,73 
378 — 2 +8 64,54 14.13 12.81 I.32 118,59 
380 + 8 + 8 48,43 13.01 12.90 o.7I gI,5! 
3Q1 an — 2 46,32 14.62 13.83 0.79 84,38 
401 — +10 25533 14.50 13.70 0.80 01,30 
403 - 4 + 9 27 ,34 14.49 13.83 0.66 68 , 37 
424 r 2 TIS 20,20 14.52 13.77 0.75 49,290 
4260 + 7 + 6 12,14 13.85 13.38 0.47 40,17 
427 I — 2 23,41 rs. 27 12.05 :.22 56,40 
4390 =—<% 21 14.78 13.49 1.29 i, 


of little value. Occasionally, a difference is large although numer- 
ous observations enter into each of the values combined to form 
the revision. Star 22 is an example, with a difference of 0.15 mag. 
The most plausible explanation is a small error in the distance 
correction. ‘The star is at the edge of the useful field; the exposures 
for the polar comparison plates were always the same, while those 
for the original investigation were varied. Errors in distance 
correction tend to neutralize each other in the latter case because 
the photographic image varies in size from plate to plate, whereas 
there is no compensation in magnitudes derived from the com- 
parison photographs. On this account the value from the polar 
comparisons has been given half weight. In general, however, 
the differences are as satisfactory as can be expected from results 
derived with a reflector of focal ratio. 

It should be noted that the revision concerns only the accidental 
errors affecting the original magnitudes. The reliability of the 
scales is a separate question, discussed partly in Contribution No. 
234 and partly in the following sections of this paper. 

2. COLORS OF POLAR STARS FROM EXPOSURE RATIOS 

The method of exposure ratios for measuring a star’s color has 

been described briefly in previous communications.‘ The term 


t Mt. Wilson Comm., Nos. 33, 38, 59; Proc. Nat. Acad. Sci., 2, 521, 1916; 3, 29, 
1917; 5, 232, 1919. The second of these contains provisional results of the investi- 


gation discussed in this section. 
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“exposure ratio” is used to designate the logarithmic ratio of 
exposure times (symbol, log £) which produce blue and yellow 
images of the same size. ‘This quantity can obviously be used as a 
measure of color. 

Experience shows that for a given star the values of log E from 
plates of the same emulsion are nearly constant. The systematic 
differences in the means from groups of 5 or 6 plates each are usually 
negligible. Observations are now generally arranged in such a way 
as to check, if not actually determine, the zero point for each plate, 
but in the beginning a direct control, beyond that of accordance 
with other plates, was not ordinarily applied, the errors being 
minimized by multiplying the number of plates. In the case of 
bright stars, which must be observed individually, it is now custom- 
ary to photograph several objects on the same plate, which greatly 
facilitates the reduction to a homogeneous system. In so far as 
possible, the same emulsion was used in all the earlier measures. 
When a change became necessary, the constant for reduction to a 
uniform system was carefully determined. 

To translate values of log E into color-indices, which is an impor- 
tant step in giving them physical meaning, stars of known color- 
index must be measured. Inasmuch as the stars in the polar 
region are the basis of the Mount Wilson photometric system, 
they have been extensively observed for this purpose. The result- 
ing data give not only the desired relation between color-index and 
log E, but also an independent determination of the colors of the 
individual stars. ‘The exposures for the yellow images range from 
8° to 64™, and results are now available for an interval of about 16 
magnitudes, the lower limit being approximately 17 of the photo- 
visual scale. The details of interest in the present connection are 
as follows: 

Series a.—About 150 plates; yellow exposures mostly 16° and 
328, on stars brighter than the eleventh magnitude, ob- 
served with images of standard size. A few plates of longer 
exposure extend the series to the thirteenth photo-visual magni- 
tude. 

Series b.—Nine plates with yellow exposures of 128°. The 
faintest stars observed are of about the fourteenth magnitude. 
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Series c.—Three plates with yellow exposures of 8™, three of 10™, 
and two of 30". The limiting magnitudes range from 15.5 to 16.9. 

Series d.—Nine plates with yellow exposures ranging from 8* 
to 5". Only 17 stars between 9.0 and 12.5 were included, however, 
because the longer exposures were made with reduced apertures. 
This group of plates, along with several others included in the vari- 
ous series, was made under unusual conditions to test various details 
of the method which are of no interest in the present connection. 

Series e.—Four plates, each including 10 to 15 stars brighter 
than the tenth magnitude, observed individually with yellow 
exposures of 8* to 32° and a standard size of image. In addition, 
observations with yellow exposures of from 32° to 128° were made at 
the beginning and end, to include stars between magnitudes 10.0 
and 12.5. The results supplement and strengthen those of series a. 

Series {—Two plates with yellow exposures of 64" each. The 
limiting magnitude is 17.3 photo-visual. 

Lack of space prevents a detailed presentation of the reduction 
of these data, which has involved much time and several revisions 
as the results have accumulated. The discussion is therefore 
limited to a general statement of procedure, with extracts from the 
reduction sheets showing the accordance attained, supplemented 
by a collection of results, made particularly from the standpoint 
of their bearing on the magnitude scales. 

The earlier observations were restricted to stars brighter than 
the eleventh photo-visual magnitude, because of the ease with which 
certain systematic errors could thereby be eliminated. It is well 
known that a photographic image produced by yellow light usually 
grows at a different rate from one produced by blue light; the value 
of log E therefore depends to some extent upon the size of the 
images from which it is derived. Differences in photographic 
gradation for light of different wave-lengths seem to depend upon 
a number of factors. In practice these are hard to control, and 
the most satisfactory results are obtained when the observations 
are arranged in such a way as to eliminate the disturbance or to 
permit its determination for each plate. 

In the case of the preliminary measures this was accomplished 
by reducing all the stars to a standard intensity with the aid of 
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screens and diaphragms and by using an essentially constant series 
of exposures throughout. ‘Those for the yellow images were 16 
and 32 seconds, although a few photographs with exposures ranging 
from 1 to 4 minutes were subsequently added. The latter gave 
results for bright stars already observed with short exposures, as 
well as for fainter stars, the overlap being sufficient to determine 
the zero-point and the correction to be applied for gradation. In 
practice the two corrections were combined. The differences in 
log E for stars within the overlapping region, when arranged in 
order of photo-visual magnitude, define a curve which could be 
extrapolated for an interval of one or two magnitudes without 
danger of serious error. 

The discussion of the data of series a carried the results to the 
thirteenth magnitude. ‘To extend them to still fainter stars, the 
procedure just described was applied in succession to the plates 
of series }, c, and / in the order of increasing exposure time. Series 
d and e, which control and strengthen the results of series a, were 
inserted and reduced in the order indicated by the series notation. 
The adopted values of C,, the color-index derived from log E, and 
the number of determinations upon which each depends are given 
in the eighteenth and nineteenth columns of Table VIII, although 
results for a few stars, mostly of low weight, not included in the 
final collection of data, appear in Table VI. 

The plates of series f show many faint stars for which individual 
results are not printed, although the means for groups of these 
stars appear in some of the statistical comparisons (see Table IV, 
for example). 

The question as to how much the values of log £ for faint stars 
have been affected by errors incident upon the extrapolation of the 
correction curve for gradation is important. The results for a single 
plate are systematically in error by small amounts at least; but for 
a series of plates these errors become accidental. An examination 
of the residuals for series c, in the interval 14.1 to 15.7, shows that 
the effect on the mean must be small. Although some of the plates 
of series 6 contribute results for two or three stars falling within 
the interval mentioned, the gradation curves for series c are in fact 
extrapolations from 13.7. The systematic deviations of individual 
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plates from the mean, expressed in hundredths of a magnitude, 


are 
Systematic deviation — 9 — 1 —8 +6 +8 +4 —5 +10 
Mo. OF StA8S........ 13 13 20 II 19 16 5 4 


The average is +0.064 mag., whence the probable value of the 
systematic error in the mean color-indices derived from log E for 
stars in this interval is of the order of +0.02 mag. This could 
have been depressed to a still lower value by adding more plates, 
but the precision is sufficient for the present purpose. 

As a further indication of accordance, it may be added that from 
the same data the average deviation for a single value of log E, 
including systematic errors, corresponds to +o0.118 mag. For stars 
in the interval between the tenth and thirteenth magnitudes, on 
the other hand, the agreement is as shown in Table II, which 
compares the mean results for each star as derived from series a 
toe. The table gives the deviations in log E in units of the third 
decimal and the number of values upon which each difference 
depends. There is here little evidence of residual systematic 
error; and since o.o1o in log E is equivalent, on the average, to 
0.028 mag., the accidental deviations are also satisfactory. The 
combined effect of both types of error is indicated by the average 
of the 43 deviations based on 7, 8, or 9 observations each, whose 
value is +0.013 in log E, or +0.036 mag. 

Finally, an examination of some of the bright stars in series a, 
which were observed individually with a standard size of image, 
throws light upon the fluctuations in the relative blue and yellow 
sensitiveness of different plates. Since for these stars no attempt 
was made to determine the zero-point correction for individual 
plates, the average deviations include the full effect of this error, 
combined with the accidental error of estimating the value of log E. 
Further, the mean log E usually depends upon two or even three 
different emulsions. The results have been referred to a standard 
emulsion, but the reduction constants are affected by an uncertainty 
which also enters into the average deviations. 

The results for 15 of these stars which have been extensively 
observed are shown in Table III. The second and third columns 
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give the number of plates and of emulsions used. In every case 
the observations extend over a period of more than a year, and many 
of the later measures were made with the original emulsion with 
which the observations were begun. ‘There are small systematic 


TABLE II 
DEVIATIONS IN LOG E FOR DIFFERENT SERJ 


Unit =o0.o0o1 in log E; No. of Values in Parent 


STAR M 
a ¢ 
I ) (31 Ir { 3 +-20 (8) 
5s 10. ¢ > (35 5 (9 )) +15 (7) 
13 10.3 I 14 Id (3 
or I 14 r (15) r1o (0 - 7 (Ss) ? 
14 I0.SsS + ( 24 3 (9) 5 + 0 —SQO (6) 
250 10.71 — 8 (24) 5s (7) +11 (3 +16 (0) 1.56 (6) 
6s 10.73 te) I 4 I s) 2 ) 
Is I SO 5 " 2 I2 re) ) 
16 I I 22 2 I Q a i R } )) 
17 I! ’e) 28 #8) 3 +- S52 
15 11 .& 16 4 1 (9g 5) 
345 I 5 I II IO (7 3 2 2 24 (4) 
11r 12.07 3 (15 r17 (9 5 9 (4) 
427 I OS 63 I + 6 (3) IQ c 
7S I O4 5 1s +r] 6) 714 2 ) 4 6) 
172 | 24 +4 1) 4-4 
19 I 24 +-20 rs) 9 (9 9 (6 12 7 (4) 
362 12.27 19) ° (9 7 (8 + 6 (5) | +43 (4) 
12r 12.47 »2 (9 I 8 
| I 4 4 (f 3 LO 
20 I 3 r (18 23 (ed I . } 37 \4 
IS! 12.00 os £4 ) 
37° 12.61 Ig (I . 
22 ! é * . 
3050 I Oo SS 7 Is 
23 13.00 wa [3 S (0) S 


differences affecting groups of plates of nearly the same date, but 
little evidence of actual changes in the color-properties of an emul- 
sion with increasing age. The average deviations for a single plate 
in the fourth column show considerable fluctuation; their mean is 
+o.106 mag. From other evidence it seems likely that this error 
is to be about equally divided between the neglected plate constants 
and the uncertainty in estimating the value of log E. 

As mentioned above, it is now customary to determine the 


plate constant by comparison with standard fields, either directly 
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or indirectly, which increases the precision appreciably. The 
results just discussed show, however, that even when the variations 
in color-sensitiveness from plate to plate are neglected, the exposure 
ratios lead to values of the color which are at least comparable in 
accuracy with those found by other methods of direct color- 
measurement. ‘The errors given above are of the same order, for 
example, as those affecting individual magnitudes in the general 
run of photometric work. The uncertainty of a color-index 
derived by combining a photographic and a photo-visual magnitude 


TABLE II 


AVERAGE DEVIATION IN CoLor INDEX. BRIGHT STARS 


Star No. Obs No. Em A.D Star No. Obs No. Em A.D 

mag. mag. 
IO 23 2 |} =0.135 :, 16 2 +0.124 
13 14 I 002 Ir 13 I . 119 
14 24 2 084 3r 9 2 093 
15 1s 2 007 or 31 2 099 
20 1d 2 105 Sr 15 I 072 
Is 390 3 | 097 1or 8 I 138 
5s 35 2 III 1Ir 15 2 =O.155 


Os. 12 I | +o.002 


should therefore be greater than that of a value from log £ in the 
ratio of about 1.4 to 1. This is a fair statement of the advantage 
of the method of exposure ratios from the standpoint of precision. 

The calibration curve for the transformation of log E into 
color-index has been revised several times. The first approxima- 
tion, which differs little from the adopted relation, was obtained 
from series a by first arranging the mean values of log E for each 
star in the order of increasing color-index as given in Contribution 
No. 97 and then forming the means of log E and of color-index for 
groups of stars within narrow limits of color. Accidental irregular- 
ities were eliminated by plotting the results and drawing a smooth 
curve. This curve represents the relation by means of which 
values of log E may be expressed in the customary form as color- 


indices. 

Since most of the groups include stars scattered over a wide 
range in brightness, the errors in the photographic and photo-visual 
scales, which of course appear in the color-indices, are almost 
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completely neutralized. In the present case, in which the scale 
errors are known to be small, their effect upon the mean relation 
between color-index and log E is negligible. Values of the color 
calculated from log E should therefore be free from errors in the 
scales, and when compared with the original color-indices arranged 
in order of increasing magnitude must bring to light any differential 
error in the scales themselves. 
TABLE IV 


NORMAL POINTS FOR RELATION BETWEEN COLOR-INDEX AND LOG E 


Cm log E 1 Pv. Interval No. Stars 
mag mag 
0.04 g.040 +0.03 ..2- 65 ra) 
0.20 10g I < 610.6 g 
0.43 180 + 2 >. I-12.5 8 
0.58 220 I II.3-15.2 10 
0.07 205 fe) 10.7-10.9 15 
°.71 319* + 10 15.5-16.8 1s 
o.81 299 5 12.5-85.6 22 
0.88 307* 7 [5.§-17.0 15 
0.99 359 + S. 2-10.23 18 
°.99 305* } 14 17.0 15 
1.00 412* + 2 I5.2-17.0 15 
1.15 410* 7 I5.5-17.0 15 
1.19 444 - 43 Q.2-16.0 17 
1.23 464* + I r5.6-17.3 15 
I. 34 485* 3 I5.1I-17.3 15 
1.59 9.540 0.08 5.i-f2.0 5 
Sum 2160 


* Supplementary faint stars from series / 


To obtain the last approximation for the reduction curve, the 
method just described was applied to the data from all the series 
as summarized in Tables VI and VIII, including the slight revisions 
of color-index given in Table I. The results are shown in Tables 
[V and V. The former gives the normal points and their represen- 
Table IV also gives seven 


tation by the adopted curve in Table V. 
supplementary points based upon 1o5 faint stars between photo- 
visual magnitudes 14.8 and 17.3, which appear only on the two 
plates of long exposure in series f. Although of much lower weight, 
these points show substantially the same change in log E with color- 
index as the brighter stars. The average deviations of the two 
series of normal points in Table IV from the adopted curve are 
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+o0.026 and +0.049 mag., respectively. The average for the 
points in the first approximation, referred to the final curve, is 
+o0.028 mag. This approximation, it will be recalled, was based 
exclusively upon series a, which includes only stars brighter than 
the thirteenth magnitude. The large residual of —o.08 for the 
last point in Table IV arises mainly from the star 345, magnitude 
12.05, which, in view of the numerous measures, is seriously dis- 
cordant. (See Table VIII, last column.) No explanation suggests 
itself, except possibly systematic error in the estimates caused by 
the proximity of the brighter object, No. 350, magnitude 10.71. 
TABLE V 


CoLor-INDEX AND LOGARITHM OF EXPOSURE RATIO 


Diff. for o.or in 


C1. log E Diff od nal C1. log E ioe $5 

mag mag. mag mag 
—0.2 8.940 0.026 0.8 9.315 0.028 
0.0 Q.O15 027 1.0 9.385 030 
+o.2 9.090 027 I.2 9.450 031 
0.4 g.105 027 1.4 9.513 -033 
0.6 9.240 027 2.6.. 9-573 034 
0.8 9.315 0.028 1.8 9.632 0.035 


The absence of blue stars from the fainter objects is noteworthy, 
and confirmatory of earlier results. Among the supplementary 
stars from series f there is none with a color-index less than 0.6 mag. 

From the ordinates of the adopted relation between c olor-index 
and log E given in Table V, it appears that the curve is nearly 
linear. ‘The zero-point for log E is of course arbitrary. For com- 
parison with the provisional relation between log E and spectral 
type given in Figure 1, Mt. Wilson Communications, No. 59,’ a 
correction of —o.07 must be applied to the values of log E in 
Table V. This comparison leads to a result of importance, namely, 
the relation of the color-indices of the Mount Wilson photometric 
system to spectral type. Provisional values of the equivalents 
are listed in Table XII, Coniribution No. 226. Detailed results 
and revised equivalents will be given in a later paper. 

The data of Table V were used to calculate the color-indices 
for individual stars whose values, C,, appear in Tables VI and 


t Proc. Nat. Acad. Sci., §, 232, 1919. 
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VIII. Subtracted from the values of C,, found by comparing 
photographic and photo-visual magnitudes, these lead to the 
differences in the last column of the tables. These differences 
should be judged in connection with the number of separate deter- 
minations of the photographic and photo-visual magnitudes 
(sixteenth column, Table VIII) which enter into the observed 


rABLE VI 
OBSERVATIONS OF COLOR 
(Stars not included in Table VIII, mostly of low weight) 
| Contr. 97 EXPOSURE RATIOS | 
1A 48 ~ nae ———1 ¢,,-¢, 
Pg C.. No C, N 
Seer ere | 15.56 0.93 i. = r.03 3 | —I5 
139. 15.30 I. 34 7 1.20 4 | +14 
142 14.60 0.89 II 72 5 +17 
143. 10.35 0.54 7. 9 >.68 7 +16 
146. 14.52 0.900 IO 0. f 5 T 34 
154 14.95 0.59 5, 9 0.48 5 +11 
159. 15.20 0.70 I 1 9.70 2 9 
163. | ns. 25 1.20 I 3 °o.8 2 38 
164 10.02 0.900 1d 5 0.8 3 | 13 
172 13.85 1.01 x ¥ I. 3% 4 | 2 
202 10.12 0.71 27, 4 7° 3 | 7 
205 15.97 0.89 a, 4 78 3 } +41 
214 15.30 0.73 9, 7 0.48 3 | as 
215. 15.47 1.78 10, 3 1.34 3 +44 
See 15.47 I. 36 17, 8 1.38 10 2 
258. 16.07 0.85 6, 4 | 3 | 21 
253 14.07 I. 37 5, 3 1.24 4 13 
205 15 .§7 0.04 32, 5 te) 2 
301 10.23 0.06 6. 2 .74 2 g 
336 14.92 0.95 a0, ¢ 5 +18 
342 14.86 Oo. 77 o, 3 4 5 | +13 
368 15.75 1.30 . 3 I I 3 tT O 
| 

color-indices, and of C, (nineteenth column). Well-observed stars 


usually show a satisfactory agreement, although there are some 
unexpectedly large values. The case of No. 345 (12.05) has 
already been mentioned. No. 427 (also 12.05) should also show 
better agreement than it does. A similar difference for No. 172 
(12.24), on the other hand, is not at all surprising, and this is also 
true of the four differences approximating 0.4 mag., all but one in 
Table VI. These latter results might have been rejected at once 
because of uncertainty, but they have been retained to show that 
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the values already published in Contribution No. 97 are open to sus- 
picion. Superficially, one would expect a smaller difference for 
star 2 (5.28); its case is exceptional in that the values of log E for 
series a and e are discordant by about 0.4 mag., owing probably 
to an unfavorable combination of neglected plate constants. The 
persistent negative sign shown by the Polar Sequence stars near 
the fifteenth magnitude disappears when the differences for the 
H.A. 48 stars of the same brightness, in the latter part of Table VIII, 


TABLE VII 


COMPARISON OF COLOR-INDICES FROM MAGNITUDES AND FROM EXPposURE RATIOS 


| SERIES a SERIES a-f 
Py. Mac ——__—_—_—_—_—__——— - ——_|— ————_—_—_—_———— 
Ci = C, No. Stars No. log E | C., - C, No. Stars No. log E 
mag mag. | 

+0.02 | 2 42 | —o0.03 | 2 46 
5.4 | + 3 4 21 ie. 8 H 30 
6.5 ° 5 14 ° 5 34 
5 5 5 25 7 5 39 
0.5 Pa) 6 05 0 6 103 
IO I 5 112 I 5 217 
II .1 + I 6 51 I 5 143 
clas TO.04 8 109 + § 14 379 
13.5 + 3 22 210 
14.3 + I 23 j 107 
15.4 I 40 | 105 
the r §g 31 68 
10.9 -0O.02 49 SO 
Sums 41 439 =e ; 2160 1,612 


are also taken into account. The systematic difference near the 
ninth magnitude is discussed in the following section. 


3. CORRECTIONS TO PHOTO-VISUAL SCALE 


It should be repeated that the two methods of deriving color- 
indices are independent, and that the values obtained from log E 
are essentially free from differential errors in the magnitude scales, 
as may be seen from the limits of brightness for the stars included 
in the normal points of Table [V (fourth column). The values 
of the differences C,,— C,, when combined into means for groups of 
stars within narrow limits of magnitude, should therefore indicate 
the relative error in the scales. Since the photographic scale may 
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be accepted as substantially correct, it follows that the means may 
be regarded as corrections to the original photo-visual scale of 
Contribution No. 97. 

Table VII shows the results found in this manner, both pro- 
visionally from series a and finally from the data in Tables VI and 
VIII supplemented by the faint stars appearing in series f alone. 
The means depend upon weights approximately proportional to the 
number of values of log E£, unless C,, is much less reliable than 
usual. Technically, this is not the best method of procedure, but 
practically the final differences are little affected by the system of 
weighting or the grouping. It is noteworthy that the provisional 
corrections to the photo-visual scale given in the second column of 
Table VII, as far as they go, are in close agreement with those in 
the fifth column based upon much more extensive data. 

With the exception of differences of —0.07 and —o.09 at magni- 
tudes 8.0 and 9.5, the corrections are insignificant, and show that 
within very small limits of error the photographic and photo-visual 
scales of Contribution No. 97 are mutually consistent as far as the 
seventeenth photo-visual magnitude (about 18 photographic). 
The two discordant points indicate a small local systematic error, 
but its source cannot certainly be located. 

The investigation with the 1o-inch refractor’ makes a negative 
correction to the photo-visual scale rather improbable. At the 
same time, the exposure-ratio observations are not very uniformly 
distributed, and some of them may be systematically affected by 
neglected plate constants. For the present it seems best to let 
the magnitude scales stand as they are, and to regard the results 
from exposure ratios as a check which establishes the mutual 
consistency of the scales within a few hundredths of a magnitude. 


4. COLLECTION OF RESULTS. ADOPTED MAGNITUDES 
The various results on the magnitudes and colors of stars near 
the Pole can now be brought together and combined into means. 
These results include: (a) the original determination in Table LX 
of Contribution No. 97, made with the 60-inch reflector; (b) the 


t Loc. cil. 
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determination with the ro-inch Cooke refractor, in Tables III and 
VI of Contribution No. 234; (c) the revision for the reduction of 
accidental error, discussed in section 1 above; and (d) the values 
of the color-indices found from exposure ratios. 

Assuming the photographic scale of (a) to be correct between 
magnitudes 10 and 15, (b) confirms the photographic scale of (c) 
between magnitudes 6 and 14, and the photo-visual scale between 
6 and 12; (d) shows that the two scales are mutually consistent 
to the seventeenth photo-visual magnitude, with a maximum differ- 
ence of 0.09 mag. at the ninth magnitude. 

The essential details of the combination of these results are in 
Table VIII. The stars of the Polar Sequence, arranged in order 
of photographic magnitude, are given as far as Nos. 35 and 16s, 
where the revisions cease. ‘The latter part of the table includes 
30 additional stars in order of the H.A. 48 number. 

The data in the first three and the eighth and ninth columns are 
copied directly from Table LX, Contribution No. 97. The results 
from (0b) are in the fourth and fifth, and tenth and eleventh columns, 
and have been transcribed directly from the last two columns of 
Tables III and VI, respectively, of Contribution No. 234. Those 
from (c) are in the sixth and seventh, and twelfth and thirteenth 
columns, and have been taken from Table I above. The algebraic 
signs are such that when the differences are added algebraically to 
the magnitudes of Contribution No. 97 they give the results of the 
various revisions. 

The final magnitudes are in the fourteenth and fifteenth columns. 
These are the means of the results in columns two to seven, and 
eight to thirteen, respectively, weighted according to numbers of 
values involved in each, excepting that the polar-comparison 
values for star 22 have received half the usual weight. Resulting 
color-indices, C,,, and the total numbers of observations are in the 
sixteenth and seventeenth columns. The results from exposure 
ratios in the eighteenth and nineteenth columns have already been 
discussed. 

With the exception of the stars in Table LX of Contribution 
No. 97 not included in the revision, which stand as they are, 
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Table VIII above summarizes all of the work done at Mount Wilson 
on the magnitudes and colors of stars near the Pole. The table 
itself gives little indication of the labor which lies behind it, the 
great burden of which in the measurement and reduction of the 
plates has fallen upon Miss Richmond and Miss Joyner of the 
Computing Division. I am deeply indebted to them for their 
part in an investigation which could not have been completed 


without generous assistance. 


Mount WILSON OBSERVATORY 
March 10922 











ON THE SPECTRUM OF NEUTRAL HELIUM" 
By LUDWIK SILBERSTEIN 
ABSTRACT 


Quantum theory of spectrum lines of neutral helium.—No attempt has hitherto been 
made to account for any of these lines because, since the neutral atom has two electrons 
besides the nucleus, the theoretical explanation is generally supposed to depend on 
the solution of the problem of three bodies. But while we do not possess a general 
solution of this problem, particular solutions are known and it is of interest to see 
what results they give. For the case of permanent collinearity of the three bodies, 
we get a spectral formula of the Balmer type, v=(49N/8) (1/n?—1/m?), but this 
represents none of the observed lines. If, however, we assume that the mutual 
perturbation of the electrons is negligible, the formula comes out »=4N[1/ni—1/mi 
+1/n}—1/m?3|; and if the proper integral values are taken, up to 9 for the n’s and 
up to 32 for the m’s, this formula gives 84 out of the 111 observed lines, in general 
within a fraction of an angstrom. Although the resulting classification does not cor- 
respond to the usual series arrangement, the success of the formula suggests that 
the force between intra-atomic electrons may be much less than that given by the 
Coulomb law. 


It is but too well known that, up to the present, the quantum 
theory of spectrum emission has proved utterly unable to deal satis- 
factorily with any spectra but those of atomic hydrogen and, what 
essentially is the same thing, of ionized helium. It being generally 
admitted that the neutral helium atom consists of a nucleus and 
two electrons, the notoriously prohibitive nature of the general 
problem of three bodies was invoked by the leading spectroscopists 
as a sufficient excuse for not as much as attempting to account 
theoretically for a single one out of the hundred and odd lines 
observed in the emission spectrum of that element.’ The more so, 
of course, in the case of atoms containing three or more electrons. 
But though it be true that we are as far as ever from possessing a 
general solution of that famous problem (not Sundman’s, of course) 
in anything like a practicable form for the purpose in hand, yet 
some particular solutions are known, simple enough to be treated 
at once by the quantitizing method of modern spectroscopy, and 

* Communication No. 156 from the Research Laboratory of the Eastman Kodak 
Company. 

? Thus, e.g., Sommerfeld, passing from hydrogen to neutral helium, appeals to 
Goethe’s Faust (“‘ Hier stock ich schon, wer hilft mir weiter fort ?”’) and concludes the 
section by consoling himself with the fact that ‘so also were the astronomers, in spite 


of centuries of attempts, unable to solve satisfactorily the three-body problem.” 
Atombau und S pektrallinien. 
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it has seemed worth while to try the possibilities in this direction 
and thus, perhaps, to break the spell which has hitherto paralyzed 
all desire of attacking the non-hydrogenic spectra. 

At first the writer thought of applying the well-known particular 
solution of the problem of three bodies given by Lagrange as long 
ago as 1772. But the corresponding spectrum formula, which is 
easily deduced, proved impotent to cover as much as a single 
observed line of neutral helium. In fact, what of Lagrange’s 
solution remains for the purpose in hand is the case of permanent 
collinearity of the three bodies, the two electrons describing (apart 
from relativistic refinements) equal and coplanar ellipses around the 
nucleus as one of the foci, with overlapping major axes and the other 
foci situated on opposite sides of the nucleus.’ Each electron is 
then easily seen to move as if it had only the charge —j e (instead 
of —e) and as if the other electron were absent. The total energy 
of the system is found at once to be, with a as major semi-axis, 

k=— 7e*_ __ 49 27’ Moe4 

4a 8 W(n'+n" 
where ’ and n” are the azimuthal and the radial quantum numbers 
defining any stationary state, and the remaining symbols have 
their usual meaning. Writing n=n’+n” for the total quantum 
number and introducing the Rydberg constant, NV = 27?m,e4/ch', we 
have 

a 49 ’ en 
32—Cos 
Bohr’s older model of the passive (non-emitting) He atom cor- 
responds to the case n =n’ =1(n" =o), when both electrons describe 
the same circle; it gives E= —4,°Nhc, whence also the familiar 
(and somewhat too large) ionization potential, which need not de- 
tain us here. By the last energy formula, with for the final and m 
for the initial quantum number, we have the spectrum formula 


“6 ../ 1 I 
y= 2 n(—-—), 
8 UM 


' This is but a special case of any number of equal ellipses distributed symmetrically 
around the nucleus, as used by Landé and others for a coarse representation of the 


higher atoms for X ray purposes. 
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which is of the simple Balmer type, each frequency v being merely 
that of ionized helium magnified $$ times. Since in the present 
case there is no wobbling of the nucleus, we have to take, instead 
of the usual He value, V=N,, i.e., about 109737 cm". UIti- 
mately, therefore, the spectrum formula corresponding to the class 
of collinear solutions becomes 


( (2 I ) 
v=672139 — ‘ 
. n> m? 


Now, if one may judge from a week’s personal experience spent 
over a multitude of trials, this formula does not cover any of the 
observed helium lines, at least as tabulated in Fowler’s last Report.’ 
The nearest “‘hit”’ was n=4, m=7, giving Agir = 3535, but even this 
was full two angstroms below the nearest observed line which is at 
about A\=3537. Of course, one felt from the outset that by such 
an extremely narrow class of solutions, as are the collinear ones, 
one could not reasonably expect to cover more than a very small 
part of all the observed lines, perhaps one or two only. But the 
formula refused to yield a single one. 

In fine, the collinear solutions, though rigorous, do not represent 
any of the observed lines of neutral helium.? 

Such being the case, the idea occurred to me that one might 
perhaps be more successful with some broader, though only approxi- 
mate, solutions of the three-body problem, and as such the most 
simple, nay trivial, class of motions suggested itself, namely those 
in which the mutual perturbation of the two electrons is practically nil 
or negligible. At first the idea seemed almost repugnant, through 
its very banality, but on trial it proved surprisingly useful, as will 
appear hereafter. 

As a matter of fact, we have no good evidence that the electrons, 
especially as trabants of the nucleus within the atom, do act upon 
2ach other at all, and some bold modern physicist, encouraged by 
the recognized prohibition to radiate, might deny the electrons 

1 A. Fowler, Report on Series in Line Spectra, Phys. Soc. London, 1922, pp. 93-94. 
I have taken account also of some special papers quoted by Fowler. 

2 This result throws even, in the writer’s opinion, a flood of doubt upon the admis- 


sibility of Bohr’s older model of the passive He atom, which belongs to the same 
class of solutions, as already mentioned. 
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the right to interact while they are busy obeying the orders of the 
central body driving them around on stationary orbits. But it 
is safer to put the restriction as above, i.e., as an approximate 
assumption. Whether at all and how often such cases of practically 
negligible mutual perturbation actually occur within the atom of 
helium (and similarly in other atoms), cannot be decided before- 
hand, but only by experience. If the corresponding spectrum 
formula works and covers some of the observed lines, it can be 
reasonably inferred that such comparative independence of the 
electrons does occur, statistically, in a good number of individual 
atoms. If no lines are covered, the conclusion will be that such a 
state of things does not occur at all or only very sporadically. 
The spectrum formula corresponding to this class of motions 
can be written down at once. If ,, m, (and similarly m,, m,) be 
the total quantum numbers of the first and the second electrons, 
the total energy of the system in any stationary state is simply the 


sum of 
4Nhc Nhe 
k,=-—— and £&£,= yee —, 
L n> 
The required formula is, therefore, 
tt. 8 I 
v=4N —S (1) 
4 | nen m m | F 


where n,, etc., are four independent integers, fixing the final and the 
initial state, or, introducing a conveniently short symbol for the 


bracketed expression, 


v=4N( (1a) 


mM, =) 
itz, Nz 


We shall also speak of the spectrum line having this frequency as 
“the line m,, m./n,,n,.’’ This formula amounts, obviously, to 


putting 
v=".+02, (2) 


where v,,v, are, apart from a possible slight difference of N, the 
frequencies of any two lines of ionized helium, observed or only 
theoretical. This would then be a new kind of the combination 
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principle: the sum of frequencies belonging to one atomic system 
(ionized helium) giving the frequency for another system (neutral 
helium). 

As to the value of JN, it is certainly not rigorous to take that 
found experimentally for ionized helium or that (but slightly differ- 
ent) used by empirical spectroscopists for neutral helium. To be 
accurate, somewhat different values of V should be used for different 
lines, according to the nature and the mutual configuration of the 
two pairs of orbits (influencing the amount of wobbling of the nu- 
cleus), and these being unknown, one would have to adopt some 
statistically computed compromise value. But such niceties may be 
postponed to a future opportunity, and since for the present it will 
be enough to write all wave-lengths to four or five figures, we shall, 
without much ado, adopt in formula (1) the value N =109723.2 
used for He* in Fowler’s Report, the more so as in using the form 
(2) it will be convenient to take directly v, and v, as given by Fowler 
(p. 95) for the observed frequencies of ionized helium. Thus we 
shall have ultimately, in cm.~', 

mM, — 


»o 
y= 438803 ( 
Ny, N2 


In what follows \, will be written for the wave-length in vacuo, 
the reciprocal of v, and AX for Air. All observed values will be 
quoted from Fowler’s Report, where the wave-lengths are in I.A. 
For the present no other material, scattered in special papers (and 
doubtful as to the origin of the lines), will be taken into account. 

Passing now to try out the formula (3) or (2), let us notice that 
any line of the type m,, m,/n,n will be an additive combination 
of two members of one and the same series of ionized helium. But 
we shall have also interesting cases of m,-~n,, when the addends 
belong to different He* series, not necessarily both observed, and 
yet give rise to an observed He line. 

Lines of the type m,, m,/2, 2, i.e., derivable from the Lyman 
series of Het, need not detain us here, since they all fall between 698 
and 498, a region thus far not sufficiently explored. 

For the same reason, though to a lesser extent, we may omit for 
the present the He lines derivable from Fowler’s or the principal 
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series of He*, these lines, of the type m,, m,/3, 3, stretching all 
beyond 1903 A into the ultra-violet. 
Let us, therefore, pass at once to lines of the type 
m,, Mm; 
4,4 

i.e., derivable from the Pickering series. We can now use directly 
the formula (2) adding up pairs of Pickering frequencies. Thus, 
and writing (5), (6), etc., for the values of m, or m,, we find the 
following interesting results: 





‘. Sa (5) 9875.1 
4,4 (14) 25191.8 
v= 35,007; No= 2851.7 
A= 2850.9; 


the nearest line observed (Fowler, p. 94) has \ = 2851, and is tabu- 
lated among the combination lines of neutral helium; 


I 
6 


vi 


5, 20 (5) 987 
“ 20) 2033) 


we 





v= 36,2090; A\=2761.8—0.8= 2761.0, 


nearest line observed for He (loc. cit.) \= 2761; 


9875. 


5» 25 (: I 
( 26728.7 


4,4 


bu 
nn 





v= 36,604; A\=2732.0—0.8= 2731.2, 
nearest line observed for He (Joc. cit.) \= 2732. 
These three agreements are remarkably close. The next but 


one theoretical line is 


5,18 ; 
; ) 36,713.3; A=2723.8—0.8= 2723.0, 


ran (ONG 


the nearest He line (loc. cit.), observed by Merton, being \ 2722. 
Notice that we could take also m,=m,, which would mean 
simply doubling the frequency of a Pickering-series member, i.e. 
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taking v,=v,. But none of these theoretical lines m, m/4, 4 fits an 
observed He line, even the nearest hit (5, 5/4, 4) with »=19,750 
being too distant from the observed He line v= 19,931. 

We will thus content ourselves with the three or four good results 
derived from the Pickering series alone, and pass on to consider a 
few lines of the type 

m,, M2 
554 7 


i.e., combinations of the members of the Pickering series with 
those of a purely theoretical He* series v;=4N(1/5?—1/m,?), never 
observed. Notwithstanding the latter circumstance, neutral helium 
shows at least three lines agreeing admirably with the theoretical 
lines of this type. In fact, we have, always by formula (3), 


6,9 

(< ) =0.0623765, V= 27,377, A=3652.8—1.0= 3651.8, 
> 4 

the nearest observed He line being 3652.0, tabulated in the sharp 

doublet series. Next, 


6,17 
¥ 1) =0.0712620, v= 31,276, AX=3197.3—0.9= 3196.4, 
54 
the nearest observed He line being 3196.7 (principal, 1S—mP, 
loc. cit.), and finally, 


& “o ) =0.0719521, v= 31,579, A= 3166.6—0.9= 3165.7, 
5>4 
which covers the observed He line 3166 (combin., loc. cit.). [See 
also the combination (4.15/3.6) in the table below.] 

To close this preliminary report on well-fitting lines it may be 
well to quote at least two examples in which both of the addends 
(v, and y,) are purely theoretical. The first of these is 


6, 28 
( .¢ )=0.0509467, v= 22,360, X= 4472.25—1.25=4471.00, 
09 J 


with the nearest observed He line at \=4471.48 (diffuse doublet 
series, loc. cit., p. 93), and the second, which has seemed interesting 
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as it concerns an infra-red line, 
10, 15 
7,14 


which agrees fairly well with the observed He line (sharp, 1? —mS) 


)=o O110058, v=4856.7, 


at v=4857.3. 

Whether these nine or ten lines of neutral helium can also be 
covered by some other pairs of initial and final states of the system, 
in which the interaction of the electrons is taken into account, must 
for the present remain an open question. For no such solutions 
are known or likely to be forthcoming soon. In the meantime one 
would be justified to conclude from these results that there is a 
good deal of mutual independence of the two electrons within the 
radiating helium atom, which is particulary surprising in the case 
of such small orbits (of both) as those corresponding to the quantum 
number 4. A quantitative estimate of the perturbations to be 
expected on the ordinary repulsion law between the electrons, 
together with possible conclusions concerning those theoretical 
lines that do deviate from the observed ones by a few angstroms, 
will occupy our attention in a future publication. 

In much the same way one could try to cover some lines of 
lithium (without awaiting, of course, an amputation of two of its 
three limbs or electrons) by three pairs of terms, i.e., by the formula 
v= QN(m,, m,, m;/n,, 2, N,), and some spectrum lines of the higher 
atoms by four, five and more pairs of terms. But the larger the 
number of electrons, the less likely are the states of their compara- 
tive independence. Moreover, the larger the number of indepen- 
dent term pairs, the less convincing will be even a thorough fitting, 
so that it does not seem worth while to push the procedure much 
beyond lithium. At any rate the case of neutral helium has seemed 
the most interesting one, and an analogous treatment of lithium is 
now in progress. 

ROCHESTER, N.Y. 


July 4, 1922 
ADDENDUM 


Since the foregoing was sent to the Editors of the Astrophysical 
Journal, I have subjected all the observed spectrum lines of neutral 
helium to a kind of arithmetical sieve which enabled me to sweep 
the field with comparative ease. The result was, much to my own 
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surprise, that practically the whole spectrum of helium is covered 
by the proposed formula 


(==) 
Pm As ’ 
Ny*N2 


in the majority of cases within a fraction of an angstrom, the same 
value N, namely 109723.2,' being used throughout. 

The numerical results, ordered for the present according to the 
total quantum numbers defining the final state (n,-n,), are given in 
the following tables, with the calculated and the observed wave- 
number v in the second, and the excess 6A of the calculated over the 
observed wave-length, in angstroms, in the third column. The 
last column gives the empirical qualifications of the observed lines, 
with the abbreviations 

P=principal, S=sharp, D=diffuse, F = fundamental, d=doublet system, 
s=singlet system, C= ‘‘combination,”’ 
and with the intensities, where available, expressed by the bracketed 
numbers. The whole observed material is taken from Fowler’s 
Report, already quoted, with the only addition of v 21866 (A 4572), 
observed by Stark in a strong electric field,? thus making a total of 
111 observed lines. The initial and final orbit numbers are given 
in the first column. Spectrum lines of the type (m/n) can mani- 
festly be interpreted as corresponding either to a jump of one 
electron from m to n, while the other electron remains on any sta- 
tionary orbit, or else as corresponding to a jump of one electron 
from m to any integer x, and of the other electron from x to n, 

m oe ‘mx 7" m*X 
()=(s » = ) , 
Such, for instance, is the line (6/3), written (6-/3-n), and simi- 
larly for the remaining five lines of this type. They are interesting 
inasmuch as they might also be produced by ionized helium, as far 
as mere arithmetic goes. All other lines are of the irreducible type 
m,-m,/n,-n,. That the classification according to n,,-n, lacerates 
the usual empirical classification (principal, sharp, etc.) may be 
regrettable but need not detain us here. Moreover, now and then, 
« This was fixed provisionally and may still be slightly retouched, but not until 


one comes to consider the relativistic refinements and the dynamics ot the wobbling 


of the nucleus. 


2 Annalen der Physik., 56, 577, 1918. 
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TABLE I 
Mi* . 
° v cak mi°Ma v calc . 
Mi*Ma v obs dd Mi*Ma v obs or 
rn | a 
13.n | 24,834 D.d. 8.15 30,178 a P.d. 
">.0 | 5 
4.n 24,530 5) 4.5 30,171 (2 
18.n 26,076 | D.s 9 _ - 
to.4 5.14 19,827 
4.n 26,078 : (1) — 7 re) na 
| 4.6 19,82, » | Se 
22.n 26,524 D.s 
tn + 5.16 20,352 
4.n | 20,520 ro. I) 2 sod 1.6 C.s 
. } 4.0 20,355 ; 
26.n | 26,781.5 | S.d 
“g, « | $0.01 7-15 | 28,715 
4.n 26,781.6 , 1) to.1 | Sd 
| 4.0 |} 25,710 ; 
| 
30.n 26,943 ll : 
f g ; —e.7 | C.d. IT.15 | 34,045 | 
n 20 , 03% ‘. . 
’ 3} 4.6 34,050 O.5 C.d 
a 
4.9 33,472 | | 11.26 | 35,346 P.d. 
eK ge +-0.6 C.d. °.7 | 
3:5 33 1400 4.0 355337 ‘ | (4) 
} | 
4.18 37,530 P.d 12.28 36,015 | 
oe aire ee tat ( ; “S45 | CA 
3-5 37 5537-5 I 4.0 30 ,O09 
20 7, 7C : 10.23 078 > 
4 3757 ” +o.3 | P.d 3 37,07 a P.d 
3-5 37,798 | 4.0 37°79 (1) 
—- _ ——|— — 
a - > » 
4-15 | 31,576 | , | 27-24 | 37,341.90) P.d. 
= . ; O.e C.d 4.6 , 249 7 TO.! (1) 
6 31,576 37 5342-7 I 
ts = 
‘eee. eos 20.23 37,995 
: | ; O/ : cad > 
4.14 | 28,053 | S.d 14.6 | 37,683 | nites se 
a = or i) ‘ 
28,058 Bia (1) n 
; 807 .S 
4.16 28,577 D.d. oe en “ Sf 
te 0.4 | 4 | 19,505 ae (2) 
3-7 28,574 | (1) . ee . 
a ae “eee Toe 28,314 | D.d 
5.18 ¢ 4 - | —°-3 
5-1 39,713 aire P.d | 4.7 28,316.5 | od | (1) 
3-8 | 36,711 ’ (1) | g 3 | 
‘ } 6.25 28 .827.9 2 
4.25 | 27,490.6 2 Ba 0.0 C.s 
2 g —O.2 | C.d sae re | | 
: 27,489.32 | | } 
3 7 3499.3 8.26 | 28,881 | D.d 
’ 
19 20,9077.0 | , D.d. | 58 : TO.3 
4 $4 | +0.7 | i 6.3 | 28,883 (1) 
3.8 20,982.4 | (3) aso Te 
ea oh: ee es = 6.27 25,925 D.d 
z - " | 4.7 28.021 —o.8 
5.14 35,007 Cd / 29,92 (1) 
—_ A | ; , | 
4.4 35,00, ; | 8.28 | 28,070 | , 
: | | . * TO.8 is 
5.20 30,208.7 Cd 4-7 | 25,977 
| 0.0 } , 
4-4 30,208 | 9-14 | 25,730 D.d 
08 73 79 
5-25 30,003 | =e C.d. 4.7 £9,/3Y (1) 
4-4 30,592 | 9-20 39,320 | re P.s 
bectanetetnn| we : embaiae ” a ae 0.4 
| ; 4-7 | 30,324 (1) 
0.9 275377 wat net) S.d 15.30 | 33,950 P.d 
= — 0.35 (1) -—0.4 sg 
4.5 275374 | . 4-7 33,945 (6) 
6.17 31,276 - P.s | 28.32 35,399 Cd 
c . a } —9.3 . +O A 
4 > 31,27 | | (1) 4 / | 355401 , 
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TABLE I 
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v calc. 
v obs. 


23,977 
23,9380 


25,82 


i) 


20,200 
27,001 
27,665 
28,545 
25, 544 
28,802 
25,795 
28,422 
28,422 
28,044 
25,640 
29 ,O0I 


25,0907 


wn 


Jt 


04 


wn 


wn 
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S.s 
1) 

D.s 
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—Continued 
mi* Ma vcalc. 
Ni* Ma v obs 
6.10 21,205 
5.5 21,210 
6.28 22,300 
5.5 2 357 
7-11 | 22,527 
5-5 22,515 
7.36 24,936 
..s 24,9035 
7.2! 25,150 
5-5 25,15 
7-2§ 25,452 
5-5 25,400 
Q 24 22,128 
5.0 22,1325 
10.20 24,201 
c 6 24,200 
.2e 25,213 
5.0 25,215 
ca. 37 20,095 
5 0 20,103 
13.20 20 ,053 
5.0 20 ,O47 
13.22 26, 244 
5.0 20, 247 
13.24 26,388 
5.0 20,395 
14.20 20,411 
5.0 20,413 
14.21 20,513 
5.6 26, 513 
15.15 25,846 
5.0 25,045 
15.24 27 »030 
5 0 27,032 
20.25 24,713 
= 24,710 
22.24 24,843 
5-7 24,543 


9 
90} 


st 


st 
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TABLE I—Continued 


mi*Ma vem. 5d mi* Ma v - 5d 
Nit Ma "ore Ni*MNa —— 
14.14 19,935 P.s. Q.24 14,968 D.s. 
: 0.9 TO.9 
5.5 19,932 6) 6.7 14,970 (6) 
10.23 21,3809 
ry g fe) ( 5 
5.8 2 350 
5 rT, 506 10.15 4850.7 P.s. (20) 
8 Oo 0 | < 
2.25 22,80 4857.3 also 5.5. 
4 0.6 Cs 7-14 4557-3 L1SO 
5.3 22,502 
= ov 
9.15 17,014.0 D.d. 23.11 7819.2 F.d. 
ro.5 O.7 
6.60 17,014.3 1), (10) 5.9 7519.9 (1) 


* Line \ 4572 observed by Stark in an electric field of 28500 volt/cm. Not contained in Fowler’s 
Report. 

a good portion of an empirical series, such as ‘‘P.s.”’ at n,n, =4.8, 
reasserts itself. 

These are, thus far, 84 different observed lines of helium. Of 
the 27 observed lines thus left unaccounted for the infra-red ones 
could not, up to the present, be covered within less than 6v = = 10, 
without exceeding »=g for the final orbits. Of the remaining 
lines I have thus far succeeded in covering a few more within less 
than 2 angstroms, while fourteen show a difference of 2 to 3, and 
one of about 5 angstroms. The corresponding numerical details 
may be omitted for the present. 

Thus, to say the least, over eighty out of the 111 observed lines 
of He are well represented by the aforesaid formula whose struc- 
ture is such as if the two electrons did not influence each other at all, 
each being acted upon only by the nucleus. 

At first one might, perhaps, expect this formula to represent 
only such lines as correspond to a passage from an initial to a final 
state in both of which the two electrons are on the whole so distant 
from each other that their initial energy required by the Coulomb 
law, 

=e? /712, 


is negligibly small. If this were so, then the well-fitting cases 
would be simply as many approximate solutions of the three- 
bodies problem in its sanctioned form (Coulomb’s law for each 
pair), and there would be nothing very surprising in those coin- 
cidences. But this is by no means the case. On the contrary, 
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the energy neglected, or rather deliberately disregarded by the 
writer, in all these cases would amount, in terms of v, to several 
thousand units,’ and the amounts neglected in the initial and 
the final states by no means compensate each other—and even 
if they did, the considerable force of interaction would in each 
case have modified thoroughly the orbits themselves, spoiling 
the fitting altogether. If there is at all any repulsion between the 
two electrons, then, to make it compatible with the eighty results 
obtained, it can scarcely amount to more than one-ten-thousandth 
of the Coulomb force. To say the least, we are entitled to strongly 
suspect the validity of anything like the usual repulsion law between 
the electrons within an atomic system. Evidence of the same 
kind is afforded by the spectrum of lithium for which the writer 
has recently found several remarkably close coincidences with 


y= oN (™-me"ms | | 
Ny*N2"*N; } 
to be described at an early opportunity. As a matter of fact, there 
is (apart from a few slightly defective computations of ionization 
potentials) no experimental evidence for the Coulomb repulsion 
between intra-atomic electrons, anyhow. On the other hand its 
denial gave us a huge majority of the spectrum lines of helium, not 
a single one of which has been accounted for by models based on 
such a repulsion nor, in fact, in any other way. 

In conclusion it may be well, in anticipation of possible objec- 
tions, to notice that the results obtained can by no means be ex- 
plained away as so many chance coincidences. In fact, a laborious 
computation of all the theoretical lines of the aforesaid type with 
the restriction to m<8 and m<X 20, which need not be reproduced 
here, has shown that the probability of only twenty of our tabu- 
lated lines (in the interval y= 22,000 to 38,000) hitting the observed 
lines within the actual 6vy by mere chance is less than 10~”. And 
if some, at least, of the remaining sixty items are taken into ac- 
count, the odds against a chance hit will be found to be enormous. 


August 2, 1922 


‘ E.g., for states such as (4.4) it amounts as a simple computation will show, to 


more than 13,500 waves (units of v). 





THE VARIABLE DOUBLE STAR X OPHIUCHI' 
By C. H,. GINGRICH 
ABSTRACT 

Variable double star X Ophiuchi.—¥rom direct measurements by Hussey and 
later by Van Biesbroeck it is known that the two components of this interesting system 
are about o”22 apart and were in a nearly north and south line in 1921, and that the 
north component is variable. During 1921 van Maanen made 16 plates to deter- 
mine the parallax, which came out o7000+0"%007. These plates have since been 
measured in declination to see whether any displacement of the combined image due to 
the variation in relative brightness of the components could be detected. With 
reference to exposures made near a maximum of the combined light, a mean displace 
ment of about 0o”15 to the south was found for a group of eight exposures made about 
midway between maximum and minimum. This result is in agreement with the 
previous conclusions mentioned above. On the plates measured there was no 
evidence of elongation of the image 

This interesting and rather exceptional object, whose position 
for 1900 is a=18"33™24', 6=+8°44’, was noted as variable first 
by Espin in 1886. It is included in the list of variable stars in 
Harvard Annals, 55, 22, as star 183308, and is there assigned a 
range in magnitude from 6.5 to 9.0 in a period of 335 days. Its 
spectral classification is Md. Subsequent study of the variability 
of this star by Mr. Leon Campbell of the Harvard College Observa- 
tory based upon mean light curves extending over the interval 
from the year 1904 to the year 1921 indicates that the range is 
from magnitude 6.7 to 8.8 in a period of 337 days; M—m= 
189 days, m—M =148 days. 

Hussey in 1900 discovered that this object is a double star, 


y 


the components being separated by 0” 22 in position angle 195°2. 
It appears as Hu 108 in the list of double stars published by him 
in the Astronomical Journal, 21, 35 (No. 485), 1900. 

Merrill, without realizing that the star was double, noticed that 
the spectrum of this object changed to such an extent from time to 
time as to suggest that there were two sources of light, and that at 
certain times the one predominated and at other times the other. 
Through correspondence with Van Biesbroeck, of the Yerkes 
Observatory, it was learned that in his program of remeasuring 


' Contributions from the Mount Wilson Observatory, No. 238 
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all the double stars discovered by Hussey his attention had been 
attracted to this object by its deep orange color, and that he 
was measuring the pair and observing the light variation for the 
purpose of determining which of the components was responsible 
for the variation of the pair or whether both components were 
variable. The mean results of six measures which he made in 
1920 are 


1920.668 17121 of%218. 


Later Van Biesbroeck furnished a light curve of the pair from 
estimates of magnitude extending from July, 1920, to October, 
1921, covering more than one period of the variable, and showing 
the date of a maximum to be 1921, May 5. He also deduced the 
conclusion from estimates of relative brightness of the two com- 
ponents that the “north preceding star is the variable one.” 

In May, 1921, van Maanen completed a series of plates for 
determining the relative parallax of this object, and from them 
deduced the following result: 


T =0"000+0"007, fda =0%000+0"020. 


Van Maanen and Merrill suggested that, since the image 
is undoubtedly displaced because of the rglative change in bright- 
ness of the components, it would be desirable to measure the 
plates of the parallax series in order to discover the amount and 
direction of this displacement and thereby obtain an independent 
determination of the distance between the two, and also an 
indication as to which was varying. 

Since the plates were taken within the period during which 
Van Biesbroeck made his measures, which show the stars to 
be nearly in a north and south line, it was immediately clear 
that the displacement due to variation in magnitude would be 
almost entirely in declination. Consequently the plates were 
arranged for measurement with the stereocomparator in the 
same pairs that van Maanen had used for the parallax measures, 
but were measured in declination instead of in right ascension 
as he had done. As the plates had been taken for maximum paral- 
lax displacement in right ascension they were of necessity extremely 
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unfavorable to parallax determination in declination, but, as 
ran Maanen had already shown the relative parallax to be very 
small, this feature was of no special importance for the present 
purpose. 

It should perhaps be stated that on the plates measured 
there was no evidence of elongation of the image and that con- 
sequently the settings were made so as to bisect the image result- 
ing from the combined light of the pair. 

I used the light curve derived by Van Biesbroeck for obtain- 
ing the magnitude of the pair at the times when the several 
plates were taken and assumed the magnitude at minimum to be 
the magnitude of the invariable component, and by use of the 
formula 


log 6,=log b,— 4/10 (n—m) 


given in Young’s General Astronomy, page 509, constructed the 
following table of values: 








TABLE I 
; RATIO oF Lict INTENsITY | 
PLATE No DATE : — on ams ek! 

| ‘ Var. / Inv Inv. / Comb 
— = = - = - + - = 
2675 .| 1920, May 15 7.7 2.98 0.25 | 7.4 
2699 7 25 7.0 137 23 7.8 
2802. ; Aug. 7 8.0 0.74 58 8.9 
2314 8 8.0 0.74 58 8.9 
2819 20 | 8.2 | 0.45 69 9.5 
2831 21 8.2 |} 0.45 69 9.5 
2846. .| 22 8.2 0.45 69 9.5 
3083 | 1921, Apr. 13 7.2 2.63 28 7.6 
3100. .| May 1 7.0 37 23 7.3 
3It2 13 7.0 2.37 23 | 7.3 


| 


By using data determined by Campbell and by Van Biesbroeck 
it was found that the star was at maximum brightness on 1920, 
June 2, and 1921, May s5, and at minimum brightness on 19109, 
November 25; 1920, October 28; and 1921, September 30. ‘The 
mean date of the first two plates, May 20, is only thirteen days 
before the maximum of June 2, and the mean date of the last 
three, April 29, is only seven days before the maximum of May s. 
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The mean date of the remaining five plates, August 18, is seventy- 
one days before the minimum of October 28. 

In the reductions of the measures the factors in the next to the 
last column in Table I were taken to represent the proportionate 
displacement of the image from the position of the variable star 
toward the position of the invariable one. It is probable that the 
displacement of the image of the combined light due to variation 
in one of the components does not take place rigorously according 
to the law implied in this method. However, in the absence of 
accurate knowledge at this point this assumption is the best which 
can be made as a working hypothesis. 

At first that part of Van Biesbroeck’s measured distance 
between the stars, namely 07218, indicated by the assumption 
just referred to, was applied to the measured quantities in a direc- 
tion consistent with the conclusion that the north star is the 
variable one, and the residual quantities were used for determining 
parallax and proper motion in declination. However, because 
of the small parallax factors already referred to and because of 
the short interval of time involved, the probable errors of these 
determinations were so large as to make the values entirely unre- 
liable and practically meaningless. Next an equation was formed 
for each pair of plates with the distance between the stars, as well 
as the parallax and proper motion, left as unknown. The same fac- 
tors as before were used as coefficients of the unknown distance 6. 
A least-squares solution of these equations led to the following 
results: 


T= —0"°088+0%092; us = —0°037 +0022; 6=07 3480%025. 


Inasmuch as this computed distance differs considerably from 
the distance measured directly, corrections based upon the com- 
puted distance were applied to the plate measures as before and a 
new determination of the parallax and proper motion made. 
The results were 


T= —O'OI2+0.102; ws= —0.030+0-015. 


These values of 7 and yu; are at least possible, but the probable 
errors make it unsafe to attach very much weight to them, espe- 
cially in the case of the parallax value. 
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It was then decided to remeasure the plates by comparing 
each available exposure with a given exposure chosen as the 
standard, in order to detect the displacement from this standard 
position. ‘The exposure on the plate numbered 3100 was chosen 
as standard because the date of the exposure, 1921, May 1, so 
nearly coincided with the date of the observed maximum, 1921, 
May 5. In all, fifteen exposures were compared with this standard, 
and equations formed, coefficients for 7, us and 6 (distance) deter- 
mined by the same method as before being used. The following 


results were obtained: 
” ” ” ” W ) ” 
T= +0.002+0.063; uws= —0.001 0.012; 6= —0. 3850-024. 


The value of the parallax agrees well with that obtained by 
van Maanen by measuring these plates in right ascension, as 
already stated. Even though the time interval is short the prob- 
able error of the determined proper motion is small, and hence 
the value of us may be relied upon with some degree of confidence. 

As for the value of the distance, the sign shows the dis- 
placement to be to the south of the standard position, and, since 
the standard exposure was made at a period of maximum, a time 
when the variable star was dominant, this fact furnishes inde- 
pendent confirmation of the conclusion by Van Biesbroeck that 
the north star is the variable one. The numerical value requires 
further consideration. The displacements obtained from the 


several plates are shown in Table II. 


TABLE II 

Plate Nos Displacement Plate Nos Displacement 
26751-3100 ; oT OLS 2831;-3100 oO" 154 
20754-3100 035 25313-3100 -194 
26991-3100 ‘ + .039 2846,-3100 105 
20992-3100 . tT .003 2540,-3100 -107 
2802,-3100 .126 30837-3100 , 035 
2802,-3100 Ets 30833-3100 .002 
28141-3100 — 1608 3100 —3100 C00 
2819;-3100 0.190 3112 —3100 -o .0o18 


It has been shown that the relative parallax and proper motion 
of this object are very small, and their effect in displacing the 
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image is therefore negligible. Hence the measured displacements 
may be considered as due to the relative change in magnitude 
alone. The mean displacement of the first four and the last 
four exposures, all of which were made very near to a period of 
maximum brightness, is —o”%008; the mean displacement of the 
remaining eight exposures, which were made within an interval of 
fifteen days, although seventy-one days before minimum, is—o? 160. 
There is therefore a measured displacement of —o’%152 in the 
interval from near maximum to seventy-one days before minimum. 
As the time during which this displacement took place is only 
one-half the interval from maximum to minimum, one might be 
led to conclude that a displacement of twice this amount would 
result from plates taken at minimum. As the distance between 
the stars obviously cannot be less than the measured displacement, 
this conclusion would indicate a distance fairly accordant with 
the computed value obtained above. Table I, however, would 
contradict such a conclusion in that it shows that on the mean 
date, August 18, of the second group of plates the invariable con- 
tributes more than twice as much light as the variable, instead of 
only an equal amount, as would seem to be required if the resultant 
image is to have a position midway between the extremes. 

It seems, therefore, impossible to reach a definite conclusion 
because of uncertainty in two respects: first, the exact magnitude 
of the invariable star upon which depend the relative amounts of 
light contributed by the two components at the times of the 
exposures and, second, the effect of variable intensities upon the 
position of the resulting image. Both of these difficulties would 
vanish in a case in which we knew that the variable was entirely 
ineffective at minimum and completely dominated the formation 
of the image at maximum, and if we had one series of plates at 
maximum and another at minimum. The latter condition is 
not fulfilled in this instance, and it is probable that the former is 
not. The assumption of 8.6 as the magnitude of the invariable 
leads, as is seen in Table I, to the conclusion that the invariable star 
is responsible for one-fourth of the total light at maximum and for 
all of the light at minimum. It does. not seem likely that the 
variable becomes so faint at minimum as to be entirely without 
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any effect in the formation of the image at that time. Even 
though it may contribute a part of the light, it may, however, 
be such a small percentage as to be ineffective in displacing the 
measured center of gravity. In that case the computed value for 
the distance between the stars, 07385, would be too large. On the 
other hand the measured displacement, 0”152, although apparently 
more than half the distance between the stars, is somewhat 
smaller than the distance. ‘The true value for the distance would 
therefore lie between these two limits. A number of suppositions 
might be made which would lead from the foregoing conclusion 
to a value almost identical with the value obtained by Van 
Biesbroeck from direct measurement. We may therefore say, in 
conclusion, that this investigation shows without any doubt that 
the north star is the variable one, and if it does not confirm the 
value for the distance between the stars it most certainly does not 
contradict it. The writer expects to continue the study of this 
pair by securing plates at maximum and at minimum. 

The suggestions by Mr. van Maanen and Mr. Merrill during 
this work were of great help and were thoroughly appreciated by 
the writer. Valuable assistance was rendered also by Mrs. Marsh, 
of the Computing Division, who checked the computations in the 
early part of the study. 


Mount WILSON OBSERVATORY 
May 1922 











PARALLAXES OF STARS IN THE REGION OF 
B.D.+31°643' 
By C. H. GINGRICH 
ABSTRACT 

Diffuse, irregular nebula, and stars around B.D.+31°643—A photograph made 
by Hubble with the 1oo-inch reflector is reproduced. From a series of plates taken by 
van Maanen with the 60-inch reflector, the parallaxes and proper motions of 20 stars 
with reference to six or seven among them which appear not to be related to the nebula, 
were determined. Five of these have color-indices from 0.74 to og5 in excess of 
normal and seem to be involved in the nebula. The mean of the parallaxes of these 
five stars is o’0095*0"%006. This is therefore taken to be the parallax of the nebula, 
equivalent to a distance of 350 light years from the sun. 

The star B.D.+31°643 is of special interest because it is 
apparently imbedded in the densest part of a diffuse, irregularly 
shaped nebula extending over the region surrounding this star. 
The photograph of this region published herewith is reproduced 
from a negative made by Mr. Hubble with the 1roo-inch Hooker 
telescope, November 9, 1920, and kindly loaned to me for this 
purpose. The exposure time of this negative was 180 minutes. 

A series of plates of this same region, taken by Mr. van Maanen 
with the 60-inch reflector as a part of his regular parallax program, 
was begun in December, 1919, and finished in January, 1922. 
The stars which appear on the parallax plates are numbered on 
the photograph (Plate I), except the brightest star, whose image 
was too large for measurement. The one designated as 7 is the 
star B.D.+31°643. Mr. van Maanen gave me these plates to 
measure in orde1 to find out whether, on the basis of the parallaxes, 
the stars could be classified in two groups, the one containing 
those stars which belong to the nebula and the other those which 
do not. 

Another basis for a separation into such groups had already 
been suggested by Mr. Hubble, namely, a comparison of color- 
index with spectral type. He had noticed that in the case of 
certain of the stars the color-index was larger than would be 


* Contributions from the Mount Wilson Observatory, No. 239. 
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accounted for by the spectral type, which led him to the conclusion 
that the excessive redness was due to the absorption of the blue 
light by surrounding nebulous matter. 

In Table I the first column gives the numbers assigned to the 
stars on the parallax plates and corresponding to the numbering 
on Plate I; the second and third columns give, respectively, the 
distances of the various stars from the central star in right ascension 


and declination, in minutes of arc; the next five columns were 


rABLE I 
| 
Phi Spec-| Somes | % Color- | x (Mean)|y, (Mean) 
No | x rs re Color ( I ee FP an)|u ean 
Index Ir ex 
| 

T 0.0 9 Bo TO.05 14 70 § | 14 
I 14 5 7 07 sO 
2 i 6.0 2.3 54 
3 7-9 ».O II .o! t ( 12 25 
4 = 5.5 10.19 B8 $2 4. 31 10 
5 | ca ] 10.31 B8 15 ” g 8 — I< 
6 im 3.9 3 | 22.34 A2 71 Si a 
7 7 2.3 | 2.08 | F2 |} 65 18 I 2 + 10 
8 |— 2.2 |+1.2 | 14.6 14 5 
re) 2.1 0.4 | 12.14 Ar |} + .8 2 ) 28 22 
10 — 6.7 [TO.1 12.32 Bo 71 i St oon 
11 I— 0.5 3.4 | 11.42 Bo f+- .Q2 3 ) < | 9 
[2 it 0.3 TO.3 10.50 Bo : SO 3 $2 +- 29 +. 75 
13 |+ 7 3.0] 14.5+ +4 | 85 
14 r Q |1T5.5 | 14.52 24) TIlg 
[5 T 3.2 7.2 14 ie 75 
10 T 3-4 |7T9.5 II .Q9 Ao gO ) I 10 
17 7-1 [70.7 | 14.05 + 15 
1d 7.1 9 14.22 I 02 162 
19 riIi.! a 9Q.40 K E.&2 15 4 Q 


supplied by Mr. Seares and Mr. Hubble from material now being 
prepared for publication by them; the last two columns give 
the final mean values of parallax and proper motion in right 
ascension, expressed in thousandths of a second of arc. ‘These 
last quantities will be explained more fully later. 

The plates were arranged in pairs and measured with the 
new stereocomparator of the Mount Wilson Observatory according 
to the method developed by van Maanen and fully described 
by him in Mount Wilson Contribution No. 111. For comparison 


stars those were chosen which, according to the color-index cri- 
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terion, had no connection with the nebula. As was to be expected, 
this selection resulted in having as comparison stars those situated 
at some distance from the nebula and consequently located at con- 
siderable distances from the center of the plate. It was accordingly 
advisable to use quadratic terms in the reductions. However, as 
the exclusion of the stars which may be connected with the nebula 
left only seven stars available for that purpose, the six plate 
constants could not be determined with great accuracy. Two 
other solutions were therefore made, omitting the quadratic terms. 
The number of comparison stars in the first solution was seven 
and in the later ones six and four, omitting those so far from the 
center as to show unsymmetrical images on some of the plates. 

The fact that the number of comparison stars available was 
small is probably not a matter of mere accident. On the parallax 
plates certain regions are easily noticeable in which no stars 
appear. It therefore seems likely that the nebula so conspicu- 
ous in certain parts of the field extends faintly over perhaps the 
entire region of the parallax plates with the result that the light 
of the fainter stars is absorbed or scattered by it. This conclusion 
is confirmed on the basis of the total number of stars on the parallax 
plates. According to Groningen Publications No. 27, the total 
number 0: stars would indicate that the faintest stars appearing 
are of magnitude 12.3 approximately, whereas as a rule stars as 
faint as magnitude 13.7 appear on the plates. In other words we 
should normally expect to find more than three times as many 
stars on plates at the galactic latitude of this field as are actually 
found on these. 

Moreover, as will be seen in Table II, no definite classification 
of the stars into nebulous and non-nebulous is possible on the basis 
of the parallaxes found. 

The values of parallax and proper motion in right ascension 
for each of the stars from each of the three reductions are shown 
in Table II. The first values resulted from a solution inciuding 
quadratic terms and using stars 1, 2. 3, 7, 17, 18, 19 as comparison 
stars; the second, not including quadratic terms and employing 
stars 2, 3, 7, 17, 18, 19 as comparison stars; the third is like the 
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second except that only four comparison stars were used, 2, 3, 
7, 17. The results are expressed in thousandths of a second 
of arc. 

In order to determine the weights to be assigned to each of these 
sets of values the arithmetical means of the three were formed and 
the deviations from the means noted. ‘These deviations indicated 
that weights 1, 1, 2 should be used. Adopting these weights the 
mean values of 7 and pu, given in the last two columns of Table I 
were obtained. ‘The mean probable error of all the parallaxes is 
+o’o13 and of all the proper motions is to’o1g. ‘These values 


TABLE II 


SUMMARY OF @w AND pa 
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are unusually large because stars 1, 16, 18, and 11 are more than 
10’ from the center, the limit usually set for parallax determina- 
tions, and hence not well suited for measurement. Excluding 
these stars from the computation, we find the mean probable error 
of the remainder of the parallaxes to be -o’o0o9, and of the proper 
motions +0.o10. 

A direct examination of the original negative from which the 
accompanying plate has been made would indicate that the stars 
numbered 1, 2, 3, 7, 14, 15, 17, 18, and 19 are not connected with 
the nebula; that those numbered 8, 13 are probably involved in 
it; and that those numbered 7, 9, 10, 11, 12, 16 are apparently 
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enmeshed in it. There is no nebulosity visible about the stars 4, 
5, 6, but their color-indices are such as to lead one to suspect the 
presence of nebulous matter. 

Selecting from Table I those stars which to all appearances are 
imbedded in the nebula, omitting the one numbered 16 because 
of uncertainty due to its distance from the center of the plate and 
from the other stars of the group, we have for the five stars, 7, 
Q, 10, II, 12, a mean relative parallax of +07’0104. Two other 
stars, those numbered 3 and 6, have about the same parallax as 
the mean just found. The latter, as already stated, should prob- 
ably be included among the five because of the evidence furnished 
by its color-index; as for the former, no evidence of connection 
with the nebula or with the group is indicated other than that of 
its parallax. 

We are therefore led to the conclusion that the mean relative 
parallax of the five stars and hence the parallax of the nebula 
of which they almost certainly form a part is +o%o104. By 
applying to this the correction of —o”’o000g derived by van 
Maanen’ to reduce it to absolute parallax we find as the absolute 
parallax of the nebula +0”%0095. This value of the parallax indi- 
cates a distance from the sun of about 350 light-years. 

The very bright star in the photograph is o Persei. Two 
determinations of the parallax of this star have been made: one 
at the Sproul Observatory, +07035; the other at the Allegheny 
Observatory, +0%003. The mean of these shows a value not 
greatly at variance with the parallax found for the nebula. 

The double star 4 and 5 is listed as number 1832 in Burnham’s 
General Catalogue and is there assigned a separation of 11714 in 
position angle 128°6. Measures extending from the year 1868 
to the year 1903 show no change in either of these quantities. 

The central star B.D.+31°643, designated on the plates used as r, 
is also a double star. It is numbered 1836 in Burnham’s General 
Catalogue and consists of two stars of nearly the same brightness 
and only 0”45 apart in 1880. Measures from the year 1891 to the 
year 1893 indicate a slight progressive increase in the distance. On 


* Mt. Wilson Contr., No. 237. 
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the scale of our plates the two components combine to form a single 
symmetrical image. 

This investigation would have been entirely impossible at this 
time had it not been for the series of plates taken by Mr. van 
Maanen, and in a sense therefore these results are due to him. 
Furthermore, his large experience in parallax work was heavily 
drawn upon throughout this work, and numerous constructive 


suggestions were cheerfully made by him. 

The writer wishes also to express his hearty appreciation 
of the willing and generous co-operation of Mr. Seares and 
Mr. Hubble in the ways already indicated. 


Mount WILSON OBSERVATORY 
April 1922 





